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1 Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK92]According to WF [1] and discussion summary [2], RAN4 had some agreements in the last meeting while some issues were discussed without conclusion yet. In this meeting, this WI is divided into three agenda items to be discussed: (1) RRM requirements impacts, (2) Timing requirements for UL multi-DCI multi-TRP with two TAs, (3) Unified TCI framework. The discussion in this paper focus on the “RRM requirements impacts on TDCP reporting”.
2 Discussion
[bookmark: OLE_LINK5][bookmark: OLE_LINK136][bookmark: OLE_LINK22]In last meeting, RAN4 discussed the feasibility of defining accuracy requirements for TDCP (Time domain channel property) reporting [1]. In this contribution, we will focus on the analysis of feasibility for TDCP reporting.
2.1 Basic
[bookmark: OLE_LINK15]Generally, we specify unified accuracy requirement that is applicable for all channels models, all SNR range above a side condition and all UE speeds. Here we wonder whether it is feasible to define a unified accuracy requirement for TDCP too.
[bookmark: OLE_LINK122][bookmark: OLE_LINK75][bookmark: OLE_LINK84][bookmark: OLE_LINK128][bookmark: OLE_LINK76][bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: OLE_LINK68]In our understanding, one way to study the feasibility of TDCP accuracy requirement is to check whether the most measured amplitude values (E.g., 90% of total samples) within a certain range. We used the basic TDCP configuration (E.g., Y=1, D = 1, slot, two slots TRS, single TRS resource set in table 2) agreed in RAN4 as a starting point. Based on RAN4 agreed simulation parameters, we used LS with noise suppression and averaging four sample in our simulation for TDCP reporting.
[bookmark: OLE_LINK168]We are trying to figure out the following question when we study the feasibility of accuracy requirement.
· [bookmark: OLE_LINK6]Whether there’s any different TDCP amplitude distribution when considering different SNR, different channel (TDL-A or TDL-D), or number of averaging samples?
[bookmark: OLE_LINK123][bookmark: OLE_LINK7]To clarify the above question, we run the simulation and the details mentioned in section 2. 2. In our understanding, it’s hard to find the certain accuracy for TDCP amplitude values. Since the TDCP amplitude values will be variant a lot due to the impact of SNR, doppler frequency, channel dependency (TDL-A or TDL-D), number of averaging samples.

2.2 Simulation result and Observations
	[bookmark: _Ref132028784][bookmark: _Ref134470105]Issue 2-1-1: Channel model for TDCP for feasibility study
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.

Issue 2-1-3: How to achieve ideal value of TDCP reporting?
Agreement: 
How to achieve ideal value of TDCP reporting for the feasibility study
· As starting point, for TDL channel, ideal value can be calculated for each delay value and over different doppler spread (fmax).
· Other options (if any) can be considered.
Issue 2-1-4: Is it feasible to define TDCP accuracy requirement for TDCP?
Agreement: 
Other essential parameters for the feasibility study of defining TDCP accuracy requirement
· Duration between TRS symbols
· Doppler spread fmax for TDL
· Doppler can be additionally considered if CDL is to be considered.
· SNR
· Number of averaging samples: one shot as baseline, other UE implementation not precluded for the feasibility study.
· Channel bandwidth
· Reference channel estimation algorithm
Link level simulation assumptions for evaluating TRS based TDCP measurements in NR
	Parameter
	Value

	Delay (between TRS symbols)
	1slot

	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 as baseline, 4 samples

	Channel BW
	10MHz

	SCS
	30KHz as baseline, 15KHz 2nd priority

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

	Correlation matrix and antenna configuration
	1x2 Low


Simulation results to be considered: 
· CDF curves of (including the 90% and 50% and 10% CDF points) for estimated TDCP.
TDCP calculation reference:



[bookmark: OLE_LINK8]For the simulation study, RAN4 agreed to use the TDL channel as baseline. And the ideal value of TDCP reporting can be calculated for each delay value and over different doppler (). Here, we used Bessel function to be the ideal value of TDCP amplitude (Table 1) as agreed last meeting.
Table 1 Ideal TDCP amplitude for different Doppler spread (𝒇𝒎𝒂𝒙) and delay ∆𝒕 (=1 slot) for 30kHz subcarrier spacing
	[bookmark: _Hlk149808151] 
	delay  [slots]

	 
	1

	10Hz
	0.999753

	30Hz
	0.997781

	75Hz
	0.986169

	100Hz
	0.975478

	200Hz
	0.903713

	300Hz
	0.789962


Simulation Settings
The simulation results only focus on the basic feature of TDCP reporting. From RAN1 agreement, we knew that the basic parameter of TDCP reporting like below:
· [bookmark: OLE_LINK49]The KTRS (number of configured TRS resource sets) = 1 as basic value.
· [bookmark: OLE_LINK35][bookmark: OLE_LINK37]Y=1 (number of delay configuration: D) as basic value.
· [bookmark: OLE_LINK38]Basic delay value between two TRS symbols: D = 1 slot.
· Basically, support of amplitude report.

[bookmark: OLE_LINK71]We refer to RAN4 agreement and the configuration table (A.3.17.1.1-2: CSI-RS for tracking for SCS=30 kHz) defined in TS 38.133 to set our simulation parameters in below table 2. Besides TDL-A channel, we also run some simulation on TDL-D channels to see the impact of different channel models.

[bookmark: _Ref142590403][bookmark: OLE_LINK87]Table 2. LLS simulation assumptions
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Subcarrier spacing
	30 KHz

	[bookmark: _Hlk146639788]Doppler (map to UE velocity)
	[10, 30, 75, 100, 200, 300] Hz 
map to
[5.4, 16.2, 40.5, 54, 108, 162] km/h for 2GHz.

	SNR
	[5, 10, 15, 20] dB

	[bookmark: OLE_LINK88]Basic TDCP parameters
	Y = 1, D = 1 slot

	TDCP report
	Amplitude value

	Number of averaging samples
	one shot as baseline, 4 samples
[bookmark: OLE_LINK72]Note: We compared “one shot” and “4 samples” at first. Then, run simulation based on 4 samples. 

	Channel model
	TDL-A; delay spread 30ns
TDL-D; delay spread 30ns
Note: We compared TDL-A and TDL-D to see the LOS/NLOS impact for TDCP reporting.

	KTRS (number of configured TRS resource sets)
	1

	[bookmark: _Hlk146639722]CSI-RS period
	10 ms

	CSI-RS slot offset
	1 for CSI-RS resource 1 and 2
2 for CSI-RS resource 3 and 4

	First subcarrier index in the PRB used for CSI-RS 
	k0=0 for CSI-RS resource 1,2,3,4

	[bookmark: _Hlk146639768]First OFDM symbol in the slot used for CSI-RS 
	l0 = 3 for CSI-RS resource 1 and 3
l0 = 7 for CSI-RS resource 2 and 4

	Density (ρ)
	 3 for CSI-RS resource 1,2,3,4

	[bookmark: _Hlk146639739]RX port
	2

	Reference channel estimation
	[bookmark: OLE_LINK73]LS-CE (with noise suppression)


The TDCP auto correlation value defined as the following equation:


[bookmark: OLE_LINK52][bookmark: OLE_LINK58][bookmark: OLE_LINK59] is the time of TRS symbol,  is the delay between two TRS symbols. N is the total number of REs used for TRS symbol.  is the channel correlation for subcarrier n between two TRS symbols. The following equation is used to calculate the TDCP amplitude value based on RAN4 agreement:



2.2.1 One sample vs four samples with variable speeds
[bookmark: OLE_LINK10]We first fix SNR to 20dB and simulate the CDF of the amplitude under different maximum doppler shifts (corresponding to different UE speeds). Figure 1. shows the TDCP amplitude results (reporting) and each report with one sample measured from one TRS period. Figure 2. Shows the TDCP amplitude results (reporting) and each report with four samples measured form four TRS period. 
[image: ]
Figure 1. SNR = 20 dB for different doppler frequencies with one sample (one TRS period).
[image: ]
Figure 2. SNR = 20 dB for different doppler frequencies with four samples (four TRS period).
[bookmark: OLE_LINK11]From the results in figure 2., we could observe the TDCP amplitude distribution with averaging four samples is more converge and smooth than one sample method. In our understanding, the noise is suppressed under the averaging method. It can be observed that TDCP reporting with averaging four samples may be easy to find more characteristic than one sample method. Therefore, we used the averaging four samples for TDCP reporting in the following simulations.
[bookmark: _Ref149665672]Observation 1: The TDCP amplitude distribution with averaging four samples is more converge and smooth than one sample method.

2.2.2 TDL-A (NLOS) vs TDL-D (LOS) with variable speeds
[bookmark: OLE_LINK12]We first fix SNR to 20dB and simulate the CDF of the amplitude under different maximum doppler shifts (corresponding to different UE speeds). The left side of figure 3 is for TDL-A channel (NLOS). The right side of figure 3 is under TDL-D channel (LOS).
[image: ]
Figure 3. SNR = 20 dB for different doppler frequencies between TDL-A and TDL-D
[image: ]
Figure 4. SNR = 20 dB for doppler frequencies (>=75 Hz) between TDL-A and TDL-D

Table 3: CDF statistic of Figure 3.
	CDF
	doppler (Hz)
	TDCP amplitude for TDLA-30
	TDCP amplitude for TDL-D-30

	10%
	[10, 30, 75, 100, 200, 300]
	[0.994, 0.990, 0.965, 0.915, 0.773, 0.621]
	[0.999, 0.999, 0.998, 0.997, 0.989, 0.981]

	50%
	[10, 30, 75, 100, 200, 300]
	[0.997, 0.995, 0.983, 0.971, 0.902, 0.807]
	[0.999, 0.999, 0.999, 0.998, 0.994, 0.988]

	90%
	[10, 30, 75, 100, 200, 300]
	[0.999, 0.998, 0.992, 0.988, 0.962, 0.903]
	[0.999, 0.999, 0.999, 0.999, 0.996, 0.992]



[bookmark: OLE_LINK74][bookmark: OLE_LINK77]From the results in figure 3, the TDCP amplitude is very close to 1 under TDL-D channel with all the doppler shifts since the first tap (LOS path) of TDL-D with very large power than the other taps. The LOS path with very large power dominates the TDL-D channel. In figure 4, it can be observed that the variation of amplitude distribution changes a lot when doppler (>=75Hz) between TDL-A and TDL-D. In table 3, it records TDCP amplitude values for CDF between TDL-A and TDL-D. From above results, it’s hard to find the accurate TDCP amplitude due to the real channel status is an uncertainty.
[bookmark: _Ref149665679]Observation 2: The TDL-D channel will lead to TDCP amplitude value closed to 1 since the LOS path with large power dominates the channel.
[bookmark: _Ref149832202][bookmark: OLE_LINK78][bookmark: _Ref149665681]Proposal 1: It is not possible to use TDCP amplitude to estimate UE speed (corresponding to doppler shifts) in TDL-D channels.
Observation 3: The TDCP amplitude distribution is quite different between TDL-A and TDL-D when doppler (>=75Hz).

2.2.3 Fix SNR with variable speeds
We first fix SNR to 20dB and simulate the CDF of the amplitude under different maximum doppler shifts (corresponding to different UE speeds).
[image: ]
Figure 5. SNR = 20 dB for different doppler frequencies.

[bookmark: _Hlk146746474]From Figure 5, it can be observed that the faster UE moves (with larger doppler), the distribution is more scattering. It means the faster UE moves, the higher false rate will be at high SNR.
[bookmark: _Ref149665684][bookmark: _Hlk146748528]Observation 4: The faster UE moves, the higher false rate will be at high SNR.

Table 4: CDF statistic of Figure 5 (TDLA-30, SNR=20dB) and compare actual amplitude with ideal value (Bessel).
	fmax
	Ideal (Bessel)
	Actual
CDF: 10%
	Actual
CDF: 50%
	Actual
CDF: 90%
	Estimation error
CDF: 10%
	Estimation error
CDF: 50%
	Estimation error
CDF: 90%

	10Hz
	0.999753
	0.994015
	0.99741
	0.999100
	-0.573941764%
	-0.234357886%
	-0.065316133%

	30Hz
	0.997781
	0.990333
	0.995098
	0.997684
	-0.746456387%
	-0.268896682%
	-0.009721572%

	75Hz
	0.986169
	0.965426
	0.982829
	0.992208
	-2.103392015%
	-0.338684343%
	0.612369685%

	100Hz
	0.975478
	0.915302
	0.971458
	0.988399
	-6.168873106%
	-0.412105655%
	1.324581385%

	200Hz
	0.903713
	0.772691
	0.902259
	0.961928
	-14.49818692%
	-0.160891788%
	6.441757505%

	300Hz
	0.789962
	0.620926
	0.807129
	0.902561
	-21.3979913%
	2.173142506%
	14.2537236%



[bookmark: OLE_LINK13]In table 4, we provided the TDCP amplitude of CDF and estimation error for CDF 10%, 50%, 90%. The estimation error in table 4 is (, unit: %). From the results, the higher CDF get less estimation error for the doppler (<75Hz). The less estimation error is near the CDF (50%) for the doppler (>=75Hz).
[bookmark: _Ref149665690]Observation 5: For the doppler (<75Hz), the higher CDF get less estimation error. 
[bookmark: _Ref149665693]Observation 6: For the doppler (>=75Hz), the less estimation error is near the CDF (50%).

2.2.4 Fix speed with variable SNR
We also fix the maximum doppler shifts (fix UE speed) and simulate the CDF of the amplitude under different SNR. 
[image: ]
Figure 6. doppler=10 Hz (5 km/hr for 2GHz) for different SNR level.

Table 5: CDF statistic of Figure 6 (TDLA-30, doppler shift=10 Hz).
	CDF
	SNR (dB)
	Amplitude

	10%
	[5, 10, 15, 20]
	[0.817351, 0.935801, 0.980337, 0.994015]

	50%
	[5, 10, 15, 20]
	[0.902291, 0.970982, 0.991936, 0.997410]

	90%
	[5, 10, 15, 20]
	[0.970068, 0.991382, 0.997308, 0.999100]

	[10%, 51.5%, 97.5%, 100%]
(CDF for Amplitude >= Threshold)
	[5, 10, 15, 20]
	Threshold = 0.97
(Refer to the paper from Ericsson)

	[1.5%, 34%, 90.75%, 100%]
(CDF for Amplitude >= Threshold)
	[5, 10, 15, 20]
	Threshold = 0.98
(Refer to the paper from Ericsson)



From above Table 5, we provided the following observation:
· CDF: 10% - 90 %, the amplitude variation is quite variant when SNR is lower.
· For SNR = 5 dB, there’re 10% amplitude values >= 0.97. This means false rate is nearly 90%.
· For SNR =10 dB, there’re 51.5% amplitude values >= 0.97. This means false rate = 48.5%.
· For SNR =15 dB, there’re 97.5% amplitude values >= 0.97. This means false rate = 2.5%.
· For SNR =20 dB, there’re 100% amplitude values >= 0.97. This means false rate = 0%.
[bookmark: _Ref149666311][bookmark: _Hlk146748539]Observation 7: With low speed (5 km/h), false rate is high under low SNR and false rate is low under high SNR.

With max doppler shift 30Hz, i.e., 16km/h, we have the following simulation results.

[bookmark: OLE_LINK56][image: ]
[bookmark: OLE_LINK64]Figure 7. doppler=30 Hz (16 km/hr for 2GHz) for different SNR level.

[bookmark: OLE_LINK186][bookmark: OLE_LINK157]Table 6: CDF statistic of Figure 7 (TDLA-30, doppler shift = 30Hz).
	CDF
	SNR (dB)
	Amplitude

	10%
	[5, 10, 15, 20]
	[0.816650, 0.934853, 0.979215, 0.990333]

	50%
	[5, 10, 15, 20]
	[0.903111, 0.968989, 0.989825, 0.995098]

	90%
	[5, 10, 15, 20]
	[0.955186, 0.987067, 0.995657, 0.997684]

	[3.25%, 48%, 95.5%, 100%]
(CDF for Amplitude >= Threshold)
	[5, 10, 15, 20]
	Threshold = 0.97
(Refer to the paper from Ericsson)

	[0.75%, 23%, 88%, 99%]
(CDF for Amplitude >= Threshold)
	[5, 10, 15, 20]
	Threshold = 0.98
(Refer to the paper from Ericsson)




From Table 6, we provided the following observation:
· CDF: 10% - 90 %, the amplitude variation is quite variant when SNR is lower.
· [bookmark: OLE_LINK182]For SNR = 5 dB, there’re 3.25% amplitude values >= 0.97. The false rate is nearly 100%.
· For SNR = 10 dB, there’re 48% amplitude values >= 0.97. This means false rate = 52%.
· [bookmark: OLE_LINK159][bookmark: OLE_LINK158]For SNR = 15 dB, there’re 95.5% amplitude values >= 0.97. This means false rate = 4.5%.
· For SNR = 20 dB, there’re 100% amplitude values >= 0.97. This means false rate = 0%.

With max doppler shift 75Hz, i.e., 40km/h, we have the following simulation results.

[image: ]
Figure 8. doppler=75 Hz (40 km/hr for 2GHz) for different SNR level.

Table 7: CDF statistic of Figure 8.
	CDF
	SNR (dB)
	Amplitude

	10%
	[5, 10, 15, 20]
	[0.816446, 0.923843, 0.958205, 0.965426]

	50%
	[5, 10, 15, 20]
	[0.900034, 0.958413, 0.977780, 0.982829]

	90%
	[5, 10, 15, 20]
	[0.941677, 0.978916, 0.989212, 0.992208]

	[98.75%, 76.75%, 30.75%, 14%]
(CDF for Amplitude < Threshold)
	[5, 10, 15, 20]
	Threshold = 0.97
(Refer to the paper from Ericsson)

	[99.75%, 91.5%, 60.5%, 36%]
(CDF for Amplitude < Threshold)
	[5, 10, 15, 20]
	Threshold = 0.98
(Refer to the paper from Ericsson)



From Table 7, we provided the following observation:
· CDF: 10% - 90 %, the amplitude variation is quite variant when SNR is lower.
· For SNR = 5 dB, there’re 99% amplitude values < 0.98. This means the false rate is nearly 0.
· For SNR =10 dB, there’re 91.5% amplitude values < 0.98. This means false rate = 8.5%.
· For SNR =15 dB, there’re 60.5% amplitude values < 0.98. This means false rate = 39.5%.
· For SNR =20 dB, there’re 36% amplitude values < 0.98. This means false rate = 64%.
[bookmark: _Ref149666314]Observation 8: The fast UE moves, false rate is higher under high SNR and lower under low SNR.

With max doppler shift 100Hz, i.e., 54km/h, we have the following simulation results.
[image: ]
Figure 9. doppler=100 Hz (54 km/hr for 2GHz) for different SNR level.

Table 8: CDF statistic of Figure 9 (TDLA-30, doppler shift = 100Hz).
	CDF
	SNR (dB)
	Amplitude

	10%
	[5, 10, 15, 20]
	[0.786729, 0.879952, 0.910382, 0.915302]

	50%
	[5, 10, 15, 20]
	[0.882268, 0.943950, 0.965655, 0.971458]

	90%
	[5, 10, 15, 20]
	[0.934958, 0.972526, 0.984385, 0.988399]

	[100%, 87.5%, 57.75%, 45.5%]
(CDF for Amplitude < Threshold)
	[5, 10, 15, 20]
	Threshold = 0.97
(Refer to the paper from Ericsson)

	[100%, 96.5%, 79.25%, 67.25%]
(CDF for Amplitude < Threshold)
	[5, 10, 15, 20]
	Threshold = 0.98
(Refer to the paper from Ericsson)



From Table 7, we provided the following observation:
· CDF: 10% - 90 %, the amplitude variation is quite variant even SNR (20 dB) is high when doppler is higher (E.g., doppler >= 100Hz).
· For SNR = 5 dB, there’re 100% amplitude values < 0.98. This means the false rate is 0.
· For SNR =10 dB, there’re 96.5% amplitude values < 0.98. This means false rate = 3.5%.
· For SNR =15 dB, there’re 79.25% amplitude values < 0.98. This means false rate = 20.75%.
· For SNR =20 dB, there’re 67.25% amplitude values < 0.98. This means false rate = 32.75%.

Based on the simulation result and above observation, it’s hard to find the accurate amplitude value (E.g., 90% of amplitude values in a certain range) for all SNR and doppler frequency (UE Speed). In addition, TDCP amplitude values is quite variant and dependent between different channel (TDL-A and TDL-D). Therefore, we have the following observation and proposal:
[bookmark: _Ref149666317]Observation 9: It is difficult to define the accuracy requirements for TDCP that guarantee low false rates for all the concerned speed.

[bookmark: _Ref149666320][bookmark: OLE_LINK17]2.2.5 Conclusion
[bookmark: OLE_LINK82]From the above simulation results, it can be observed that TDCP amplitude values will vary a lot with different SNR and channel status (LOS/NLOS) but not only different doppler shifts. There’s no SNR, channel status information reported together with TDCP reporting, it is difficult to use TDCP to estimate doppler shift.

[bookmark: _Ref149832323]Observation 10: TDCP amplitude values will vary a lot with different SNR and channel status (LOS/NLOS) but not only different doppler shifts.
[bookmark: OLE_LINK83]What is more, in the simulation, the same RF status is assumed when calculating TDCP. With D=1, the two TRS are from different slots. UE may adjust AGC between these two slots, which will introduce unexpected random phase change. According to the correlation function, random phase change on each RE will have uncertain impact on the correlation value.

[bookmark: OLE_LINK85]Taking the above and all observations into consideration, we think the accuracy requirements for TDCP reporting is not feasible.
[bookmark: _Ref149665703][bookmark: _Hlk146748572][bookmark: OLE_LINK18][bookmark: _Hlk149832131]Proposal 2: Do not define the accuracy requirement for TDCP reporting as this is not feasible.
3 Summary
[bookmark: _Hlk94866332]In this paper, the discussion of R1-8 MIMO is provided. We have the following observations and proposals:
Observation 1: The TDCP amplitude distribution with averaging four samples is more converge and smooth than one sample method.

Observation 2: The TDL-D channel will lead to TDCP amplitude value closed to 1 since the LOS path with large power dominates the channel.

Proposal 1: It is not possible to use TDCP amplitude to estimate UE speed (corresponding to doppler shifts) in TDL-D channels.

Observation 3: The TDCP amplitude distribution is quite different between TDL-A and TDL-D when doppler (>=75Hz).

Observation 4: The faster UE moves, the higher false rate will be at high SNR.

Observation 5: For the doppler (<75Hz), the higher CDF get less estimation error.

Observation 6: For the doppler (>=75Hz), the less estimation error is near the CDF (50%).

Observation 7: With low speed (5 km/h), false rate is high under low SNR and false rate is low under high SNR.

Observation 8: The fast UE moves, false rate is higher under high SNR and lower under low SNR.

Observation 9: It is difficult to define the accuracy requirements for TDCP that guarantee low false rates for all the concerned speed.

[bookmark: OLE_LINK81]Observation 10: TDCP amplitude values will vary a lot with different SNR and channel status (LOS/NLOS) but not only different doppler shifts.

Proposal 2: Do not define the accuracy requirement for TDCP reporting as this is not feasible.
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