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Introduction
Time Domain Channel Property (TDCP) indicator focuses on providing the BS radio physical interface with new CSI information regarding the relative mobility of the UE and associated Doppler characteristics of the link with the serving BS. In the specification, Time domain channel property (TDCP) is defined as a wideband normalized correlation between two CSI-RS transmission occasions, corresponding to CSI-RS resourece(s) from NZP-CSI-RS-ResourceSet(s) configured with higher layer parameter trs-info, that are separated by Dn symbols or slots, depending on the configuration, where Dn is the n-th delay configured value among [placeHolderForRrcParameter-D] configured delay values {D1, …, DY} and Y is number of configured delay values. This indicator is useful for specific reconfiguration uses cases, like CSI codebook type switching (Type-II to Type-I switching based on the channel conditions or channel variability with time information; if the channel varies faster than a certain threshold then a Type-II to Type-I switch occurs) and reference signal reconfiguration (e.g., SRS).
[bookmark: _Toc142669934][bookmark: _Toc146734747]TDCP is calculated as the normalized time correlation function from 2 or more channel measurements estimated based on TRS.
TDCP accuracy requirements discussion
To establish the accuracy requirements, the measurements must be compared to a baseline (ideal). The wireless channel experiences time-varying multipath fading due to the movement of the UE. The expected (ideal) value is a function of the UE speed, the details of the channel model, and the noise level. From the results in our previous contribution [1], the noise level is shown to affect the amplitude. If the channel is a frequency flat, there are many arrivals at the UE, and the distribution of the angles is uniform (i.e., there is a rich scattering environment near the UE), then the theoretical time correlation is the Bessel function which yields the classic Doppler spectrum.  If this were the case, the Bessel function values could be used as the ideal correlation values but would need to be degraded according to the SNR [1]. 
RRM accuracy requirements for TDCP can be useful for guaranteeing the performance of the reports in the field, akin to other reporting like L1-RSRP, L1-SINR. An agreement is needed on defining a methodology which can be used for determining the ideal value of the TDCP measurement, including also the formula used for calculating the TDCP value. To this end, there were preliminary agreements in RAN4#108bis.
In RAN4#108bis, the TDL channel model was agreed upon as a starting point:
	Agreement:
Channel model for TDCP for feasibility study
· Agree to use TDL as baseline
· Other channel model (e.g., simplified/modified TDL, or CDL) can be considered if it finds not feasible with TDL channel. 





The expected (ideal) value is a function of the UE speed, the details of the channel model, and the noise level.
If the channel is a frequency flat, then the theoretical time correlation is the Bessel function which yields the classic Doppler spectrum.  The Bessel function values could be used as the ideal correlation values but would need to be degraded according to the SNR.

Ideal value of TDCP reporting 
Using the TDL channel model allows us to apply the Bessel function without any need of simulations to obtain the ideal values. In this case the autocorrelation does not depend on UE spatial characteristics or the antenna gains of the UE and BS. For the TDL channel model, the ideal auto correlation value can be calculated from the formula below without the need for simulation.
 
Where  is the channel autocorrelation,  Is the Bessel function,  is the carrier frequency,  is the UE velocity and  is the speed of light.
The auto correlation depends on doppler spread denoted as  and the delay (). For 30kHz subcarrier spacing (i.e., 0.5ms slot length), the ideal auto correlation can be calculated for different fmax as shown in the table below:
Table 1: Ideal autocorrelation calculated for different maximum Doppler shifts for 30kHz subcarrier spacing.
	Max Doppler Shift (Hz)
	Ideal autocorrelation 

	10
	0.999753

	30
	0.997781

	75
	0.986169

	100
	0.975478

	200
	0.903713

	300
	0.789962



The ideal value of TDCP is obtained by using the Bessel function and this autocorrelation depends on doppler spread denoted as  and the delay ().
Using the TDL channel model allows us to apply the Bessel function without any need for simulations to obtain the ideal TDCP values.

Simulation parameters
The following simulation parameters were fronted in the RAN4#108bis as a starting point:
Table 2: Simulation parameters
	Parameter
	Value

	Delay (between TRS symbols)
	1 slot

	Channel model
	TDL-A, delay spread=30ns

	Doppler Spread
	10, 30, 75, 100, 200, 300

	SNR
	 5:5:20

	Number of averaging samples:
	one shot 

	Channel BW
	10MHz

	SCS
	30KHz

	Reference Channel estimation
	LS base CE for TRS as baseline, MMSE for 2nd priority

	Correlation matrix and antenna configuration
	1x2 Low


 
As a preliminary position, these parameters are reasonable for use with simulating TDCP accuracy requirements.
Simulation results
Using the simulation parameters above, the following results were obtained.
[bookmark: _Ref149927765]Table 3: Median TDCP amplitudes for varying SNRs and maximum Doppler shifts for 30kHz subcarrier spacing.
	
	SNR(dB)
	Noise Free Ideal values (Bessel fn)

	Max Doppler Shift (Hz)
	5
	10
	15
	20
	Noise Free
	

	10
	0.995415
	0.996408
	0.994709
	0.995189
	0.995816483
	0.999753

	30
	0.987968
	0.990522
	0.984471
	0.983903
	0.983193923
	0.997781

	75
	0.955007
	0.952328
	0.95325
	0.953892
	0.954464079
	0.986169

	100
	0.934799
	0.93797
	0.940027
	0.939164
	0.938602328
	0.975478

	200
	0.853547
	0.85233
	0.856702
	0.855079
	0.856767517
	0.903713

	300
	0.768931
	0.772939
	0.778584
	0.782067
	0.784523156
	0.789962
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[bookmark: _Ref149927778][bookmark: _Ref149927774]Figure 1: Comparison of noise free ideal autocorrelation amplitude (Bessel function) with noise free median TDCP autocorrelation amplitude. Showing also the 10th and 90th percentiles.
From Table 3 and Figure 1 we can observe that there is a deviation from the ideal values calculated based on the Bessel function, and the median of the simulation without noise. This difference may be explained by the fact that the Bessel function is a good approximation of the TDCP values when a single tap channel is considered. When a more complex channel model, such as TDL channel, is used some deviation is expected. However, even with this deviation, the values for maximum Doppler shift larger than 200 Hz would be mapped to the same quantization values as the simulated cases. Figure 2 shows the same results as Figure 1 with a vertical axis emphasis on values of TDCP above 0,95. In this figure, the differences between the results for maximum Doppler shift of 30 Hz and 75 Hz is about 2 quantization levels. 
There is a deviation between the ideal values and the simulated noise free values which may be attributed to the fact that the ideal values are calculated from the Bessel function without taking into account the taps.

The difference between the ideal values and the median of the simulated noise free values is below 2 quantization levels.
The simulation results in Figure 1 and Figure 2 show that there is a large spread in the estimated correlation amplitudes at a given maximum Doppler frequency.  For example, the spread from the 10th to 90th percentile at a maximum Doppler frequency of 100 Hz spans 12 of the 16 amplitude quantization levels.  The wide spread of values makes an accuracy test less meaningful since a wide array of quantization values would be allowable.  RAN4 can consider methods which reduce the spread of values to make a test more meaningful, such as considering multiple averaging samples (e.g., 2 or 4 samples).  In addition, other lags can be considered in case modifying the lag affects the spread of the measured correlation amplitudes.
Simulation results with TDLA-30 and maximum Doppler frequency from 10 Hz to 300 Hz have shown large span in TDCP values.
[image: A graph of different colored lines

Description automatically generated]
[bookmark: _Ref149928062]Figure 2: Comparison of noise free ideal autocorrelation amplitude (Bessel function) with noise free median TDCP autocorrelation amplitude. Showing also the 10th and 90th percentiles [ZOOMED IN].
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[bookmark: _Ref149929088]Figure 3: Median Amplitude for different SNRs
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[bookmark: _Ref149940838]Figure 4 TDCP results for percentile 10 and 90 and median values for different SNRs with maximum Doppler shift of 200 Hz. 

Figure 3 shows median values for different SNRs for all simulated max Doppler shift values, and Figure 4 shows median and percentile for TDLA-30-200. The results in Figure 3 show that the SNR variation has little effect on the median values of the TDCP for all the simulated max Doppler frequencies. A similar result is shown in Figure 4, where the TDCP spread across the simulated samples can be verified with the 10th and 90th percentile of the TDCP for a maximum Doppler frequency of 200 Hz. Those results suggest that the TDCP measurements are not affected by noise for SNR in the range between 5 dB and 20 dB. 
Simulation results with different SNRs shown nearly no impact in SNR variation for the simulated scenario. 

RAN4 to evaluate TDCP feasibility with 
a. 2 and 4 averaging samples
b. Investigating different lags between TRS symbols


[bookmark: _Toc116995848]Conclusion
[bookmark: _Toc116995849]Within this contribution we RRM requirements for TDCP. As part of this discussion we have derived the following observations and proposals:
1. TDCP is calculated as the normalized time correlation function from 2 or more channel measurements estimated based on TRS.
1. The expected (ideal) value is a function of the UE speed, the details of the channel model, and the noise level.
1. If the channel is a frequency flat, then the theoretical time correlation is the Bessel function which yields the classic Doppler spectrum.  The Bessel function values could be used as the ideal correlation values but would need to be degraded according to the SNR.
1. The ideal value of TDCP is obtained by using the Bessel function and this autocorrelation depends on doppler spread denoted as  and the delay ().
1. Using the TDL channel model allows us to apply the Bessel function without any need for simulations to obtain the ideal TDCP values.
1. There is a deviation between the ideal values and the simulated noise free values which may be attributed to the fact that the ideal values are calculated from the Bessel function without taking into account the taps.
1. The difference between the ideal values and the median of the simulated noise free values is below 2 quantization levels.
Simulation results with TDLA-30 and maximum Doppler frequency from 10 Hz to 300 Hz have shown large span in TDCP values. 
Simulation results with different SNRs shown nearly no impact in SNR variation for the simulated scenario. 

1. RAN4 to evaluate TDCP feasibility with 
a. 2 and 4 averaging samples
b. Investigating different lags between TRS symbols
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