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[bookmark: _Toc415085486][bookmark: _Toc503902285]1	Introduction
The following agreements about TRS-based TDCP report was made during RAN1 #110-e [1]. [bookmark: OLE_LINK26][bookmark: OLE_LINK27]Agreement
[bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: _Hlk115340891]The Rel-18 TRS-based TDCP reporting comprises stand-alone auxiliary feedback information to enable refinement of CSI reporting configuration, and/or codebook configuration parameters, and/or (to be confirmed in RAN1#110) gNB-side CSI prediction
· Not conditioned on other UCI parameters
· Not reported together with CQI/PMI/RI/(CRI) associated with a codebook
· Note: This does not prevent TDCP reporting from being multiplexed with other UCI parameters on PUCCH and/or PUSCH
· Note: Aperiodic reporting is supported (per agreed Alt1 in RAN1#109-e). 
Agreement
For the Rel-18 TRS-based TDCP reporting, down select one of the following alternatives by RAN1#110bis-e:
· AltA. Based on Doppler profile
· E.g., Doppler spread derived from the 2nd moment of Doppler power spectrum, average Doppler shifts, Doppler shift per resource, maximum Doppler shift, relative Doppler shift, etc
· AltB. Based on time-domain correlation profile
· E.g. Correlation within one TRS resource, correlation across multiple TRS resources
· Note: The correlation over one or more lags of TRS resource may be considered.  The lags may be within one TRS burst or different TRS bursts
· AltC: CSI-RS resource and/or CSI reporting setting configuration parameter(s) to assist network
· E.g. gNB configures UE with multiple choices on what to assist (e.g. two or more CSI-RS/report periodicities, or precoding schemes depending mainly on UE velocity), then UE report according to configuration; parameters correspond to CSI reporting periodicity, codebook type, etc.
Note: Different alternatives may or may not apply to different use cases.

In this contribution, we provide some views and simulation results about TRS-based TDCP reporting.
2 [bookmark: OLE_LINK76]TRS-based TDCP reporting
2.1 TDCP reporting formatsAgreement
The Rel-18 TRS-based TDCP reporting comprises stand-alone auxiliary feedback information to enable refinement of CSI reporting configuration, and/or codebook configuration parameters, and/or (to be confirmed in RAN1#110) gNB-side CSI prediction
· Not conditioned on other UCI parameters
· Not reported together with CQI/PMI/RI/(CRI) associated with a codebook
· Note: This does not prevent TDCP reporting from being multiplexed with other UCI parameters on PUCCH and/or PUSCH
· Note: Aperiodic reporting is supported (per agreed Alt1 in RAN1#109-e). 

We suggest it to be similar to L1-RSRP reporting. In reportQuantity IE, adding a cri-TDCP field, as follows. 
reportQuantity                          CHOICE {
        none                                    NULL,
        cri-RI-PMI-CQI                          NULL,
        cri-RI-i1                               NULL,
        cri-RI-i1-CQI                           SEQUENCE {
            pdsch-BundleSizeForCSI   ENUMERATED {n2, n4}            OPTIONAL    -- Need S
        },
        cri-RI-CQI                              NULL,
        cri-RSRP                                NULL,
        ssb-Index-RSRP                          NULL,
        cri-RI-LI-PMI-CQI                       NULL
		cri-TDCP                                NULL
    },

2.2 TDCP priority
[bookmark: OLE_LINK72]In current 3GPP 38.214 [2], CSI reports associated with a priority are given. Due to introducing TRS-based TDCP reporting, its priority should be defined. It is suggested that the priority of CSI reports including TRS-based TDCP reporting should be the lowest priority, as follows.CSI reports are associated with a priority value  where




-	  for aperiodic CSI reports to be carried on PUSCH  for semi-persistent CSI reports to be carried on PUSCH,  for semi-persistent CSI reports to be carried on PUCCH and  for periodic CSI reports to be carried on PUCCH;


-	  for CSI reports carrying L1-RSRP or L1-SINR and  for CSI reports not carrying L1-RSRP or L1-SINR or TDCP; k=2 for CSI reports carrying TDCP.
-	c is the serving cell index and  is the value of the higher layer parameter maxNrofServingCells;

-	s is the reportConfigID and is the value of the higher layer parameter maxNrofCSI-ReportConfigurations.


[bookmark: OLE_LINK74]Proposal 1. The priority of CSI reports including TRS-based TDCP reporting should be the lowest priority.
2.3 TDCP parametersAgreement
For the Rel-18 TRS-based TDCP reporting, down select one of the following alternatives by RAN1#110bis-e:
· AltA. Based on Doppler profile
· E.g., Doppler spread derived from the 2nd moment of Doppler power spectrum, average Doppler shifts, Doppler shift per resource, maximum Doppler shift, relative Doppler shift, etc
· AltB. Based on time-domain correlation profile
· E.g. Correlation within one TRS resource, correlation across multiple TRS resources
· Note: The correlation over one or more lags of TRS resource may be considered.  The lags may be within one TRS burst or different TRS bursts
· AltC: CSI-RS resource and/or CSI reporting setting configuration parameter(s) to assist network
· E.g. gNB configures UE with multiple choices on what to assist (e.g. two or more CSI-RS/report periodicities, or precoding schemes depending mainly on UE velocity), then UE report according to configuration; parameters correspond to CSI reporting periodicity, codebook type, etc.
Note: Different alternatives may or may not apply to different use cases.

According to TR38.901 [3], there is general form of the exponential of time-varying Doppler shift used in multipath channel model formula, which is given by

Where,
· [bookmark: OLE_LINK40] is the normalized vector that points into the direction of the incoming wave from Rx at time .
· [bookmark: OLE_LINK44] denotes the velocity vector of the Rx at time t.
· [bookmark: OLE_LINK46] denotes a reference point in time that defines the initial phase.
· [bookmark: OLE_LINK48] denotes a cluster.
·  denotes a ray with cluster .
Time-invariant Doppler shift can be written as

[bookmark: OLE_LINK5][bookmark: OLE_LINK58]Considered about both of time-varying and time invariant Doppler shift, the exponential of Doppler term is combination of all Doppler shifts in multiple delay path. Doppler shift in single cluster/peak can be estimated by identifying channel clusters/peaks in channel impulse response, which may cause inaccuracy due to time resolution issue. Doppler shift in single ray is inestimable since rays within one cluster are hard to distinguish. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK80]Observation 1.  Doppler shift estimation in single ray is not practical. 
[bookmark: OLE_LINK81]Observation 2. The peak identification, which is used in Doppler shift estimation per peak, is highly limited by time resolution in real world. 
[bookmark: OLE_LINK6][bookmark: OLE_LINK79]Proposal 2. As good trade-off between complexity and accuracy, average Doppler shift is sufficient enough for TDCP reporting. 
Due to indistinguishable ray in multipath channel, Doppler shift cannot be simply identified, estimated, and predicted. With increasing delay spread and UE velocity, it is challenging to ensure estimation accuracy. We should choose suitable algorithm to estimate combination of Doppler shifts from all rays/clusters of multipath channels. 
[bookmark: OLE_LINK50]The algorithm by auto-/cross-correlation function is more accurate to estimate Doppler shift, which contains combination of Doppler shifts from all clusters/paths in multipath channel. 
1. [bookmark: OLE_LINK53]Channel estimation on TRS obtains estimated channel response and estimated noise power. 
1. Channel estimation in frequency domain can be given by . 
[bookmark: OLE_LINK61]Where
·  is index of the frequency-domain channel response on TRS samples
·  are index of TRS pairs. 
1. [bookmark: OLE_LINK54]Estimated noise power can be given by .
1. [bookmark: OLE_LINK51]Compute autocorrelation of TRS pairs 

1. Compute cross correlation of TRS pairs 

1. Estimate combined Doppler shift 

Where,  is time duration between measured TRS pairs. 
Normalized time correlation  can be given by

[bookmark: OLE_LINK59]According to above formula, we can simply obtain different values of normalized time correlation corresponding with various lags in specific UE velocity. 
Table-1. Different values of normalized time correlation corresponding with various lags in specific UE velocity. 
Other relevant parameters are complied with Section 3.1. 
	UE velocity
	Max. Doppler Shift
	Normalized time correlation 

	
	
	[bookmark: OLE_LINK60]Lag = 4 symbols
	Lag = 1 slot
	Lag = 5 slots
	Lag = 20 slots

	3 km/h
	9.72 Hz
	1.0000
	0.9992
	0.9942
	0.9229

	30 km/h
	97.22 Hz
	0.9976
	0.9711
	0.5189
	0.2198

	120 km/h
	388.89 Hz
	0.9657
	0.6873
	0.1715
	-0.0144



[bookmark: OLE_LINK7][bookmark: OLE_LINK82]Observation 3.  For given Doppler shift, different lags result in different time correlations.
[bookmark: OLE_LINK83]Observation 4.  As results, time correlation must be reported together with corresponding lags.
[bookmark: OLE_LINK88][bookmark: OLE_LINK86]Proposal 3. As TDCP report, the overhead of time correlation is higher due to the presence of multiple lags in time correlation calculations than that of Doppler shift. 

[bookmark: OLE_LINK99]Conclusion 1.  Alt A should be selected as TDCP report.

3 Evaluation 
3.1 [bookmark: OLE_LINK77]Link level assumptions
[bookmark: OLE_LINK4][bookmark: OLE_LINK18][bookmark: OLE_LINK24]There is link level assumption as Table-1. Based on our understanding, we have chosen parts of parameter for channel model. For UE velocity, we assum 3km/h, 30km/h, 120km/h are low, medium, high speed. 
[bookmark: OLE_LINK17][bookmark: OLE_LINK25][bookmark: OLE_LINK73]Table-2. Link level assumption for TRS based doppler accuracy
	Parameters
	Value

	Carrier frequency and subcarrier spacing
	3.5 GHz with 30 kHz SCS

	System bandwidth
	20 MHz

	TRS bandwidth
	20 MHz

	Channel model
	TDL-A

	Delay spread
	100ns

	UE velocity
	3 km/h, 30 km/h, 120 km/h

	Antenna at UE
	1

	Antenna at gNB
	1



3.2 Link level simulation results
There are several previous simulation results in [4]. Updated results of estimated Doppler compared with different velocity can be seen as below. 

[bookmark: OLE_LINK68]Figure-1. SNR 0dB, UE velocity vs estimated Doppler over TDL-A channel with 100ns delay spread 



Figure-2. SNR 30dB, UE velocity vs estimated Doppler over TDL-A channel with 100ns delay spread 
[bookmark: OLE_LINK93][bookmark: OLE_LINK84]Above figures has been illustrated that different lags between TRS pairs would take distinct performance with changing UE velocity, particularly in SNR0dB. 
[bookmark: OLE_LINK94][bookmark: OLE_LINK92]Observation5. Different lags between TRS pairs would take distinct performance with changing UE velocity, particularly in SNR0dB. 
If time correlation is reported with several lags together, overhead for TDCP reporting has been not only improved but gNB also need to compare information in many pairs (pairs means correlation corresponding lags.). 
[bookmark: OLE_LINK85]The definition of Doppler shift is unified for TDCP reporting while time correlation is not. And, advanced estimated algorithm on UE side can optimize the lag based UE velocity and then further derive more accurate Doppler shift for reporting.  
[bookmark: OLE_LINK95][bookmark: OLE_LINK103]Observation6. Doppler shift is clearer and unified in definition for TDCP reporting, and then can simplify TDCP design. 

3	Conclusions
[bookmark: OLE_LINK75]In this contribution, we discussed TRS-based TDCP reporting. The following proposals have been made:
[bookmark: OLE_LINK78]Proposal 1. The priority of CSI reports including TRS-based TDCP reporting should be the lowest priority.
Proposal 2. As good trade-off between complexity and accuracy, average Doppler shift is sufficient enough for TDCP report.
[bookmark: OLE_LINK89]Proposal 3. As TDCP report, the overhead of time correlation is higher due to the presence of multiple lags in time correlation calculations than that of Doppler shift.
[bookmark: OLE_LINK97]The following observations have been made:
Observation 1. Doppler shift estimation in single ray is not practical.
[bookmark: OLE_LINK57]Observation 2. The peak identification, which is used in Doppler shift estimation per peak, is highly limited by time resolution in real world.
Observation 3. For given Doppler shift, different lags result in different time correlations.
[bookmark: OLE_LINK91]Observation 4. As results, time correlation must be reported together with corresponding lags.
Observation 5. Estimated duration between TRS pairs would take distinct performance with changing UE velocity, particularly in SNR0dB.
[bookmark: OLE_LINK98]Observation 6. Doppler shift is clearer and unified in definition for TDCP reporting, and then can simplify TDCP design.
The following conclusion have been made: 
[bookmark: OLE_LINK101]Conclusion 1. AltA of Rel-18 TRS-based TDCP reporting should be selected as TDCP report.
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SNR 0dB, UE Velocity vs Estimated Doppler 
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Doppler spread estimation (2nd moment of Doppler power spectrum) (Hz)




SNR 30dB, UE Velocity vs Estimated Doppler
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Doppler spread estimation (2nd moment of Doppler power spectrum) (Hz)
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