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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”.
2 Discussion
[bookmark: OLE_LINK136]In last meeting, RAN4 agreed to discuss 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.
	[bookmark: OLE_LINK162]Issue 1-1-1: Whether to define TDCP measurement delay requirements?
Agreement: 
· Do not define TDCP measurement delay requirements

[bookmark: OLE_LINK10][bookmark: OLE_LINK21]Issue 1-1-2: Whether to define TDCP measurement accuracy requirements?
Agreement:
· Further identify feasibility of methodology and test setup to define TDCP accuracy requirements including at least ideal TDCP definition, channel models
· [bookmark: OLE_LINK11]Define TDCP accuracy requirements subject to conclusions of feasibility analysis


[bookmark: OLE_LINK22]2.1 Basic
Before going to the feasibility study, we would like to recall some background on TDCP report. We copy some RAN1 agreements here for information.
	RAN1 Agreement
For the Rel-18 TRS-based TDCP reporting, for a configured value of Y and a set of configured delay values {D1, …, DY}, for the n-th delay Dn (n=1, …, Y), the respective TDCP calculation is defined as wideband normalized correlation between two TRS symbols separated by Dn symbols
Send a LS to RAN4 to solicit their inputs on whether additional description/definition is needed, e.g. averaging across RX ports.
RAN1 Agreement
The work scope of TRS-based TDCP reporting focuses on the following use cases for evaluation purposes:
· [bookmark: OLE_LINK203]Targeting medium and high UE speed, e.g. 10-120km/h as well as HST speed
· Aiding gNB to determine 
· CSI reporting configuration and CSI-RS resource configuration parameters, 
· Precoding scheme, using one of the CSI feedback based precoding schemes or an UL-SRS reciprocity based precoding scheme
· Aiding gNB-side CSI prediction
RAN1 Agreement
For the Rel-18 TRS-based TDCP reporting, the supported values of KTRS (number of configured TRS resource sets) are {1,2,3} 
· The candidate values {2,3} are UE optional

RAN1 Agreement
Agree the following FGs/rows as baseline for further discussions
· All details FFS
	TDCP (Time Domain Channel Properties) report
	1. Support of Y=1 delay value for TDCP report
2. Basic delay value, component candidate value <= D_basic = 1 slot  
3. Support of amplitude report





From above RAN1 agreement, TDCP reporting is based on TRS-based measurement. This is to assist gNB to determine CSI reporting configuration, CSI-RS resource configuration and precoding scheme for demodulation. E.g., after gNB receives TDCP reporting, it can decide to switch between Type I and enhanced type II codebook. 
The quantization of the wideband normalized amplitude has the alphabet given by;  where . Please refer to the specific value of amplitude for each quantization value (q) in table 1.
Table 1: Quantization of amplitude value for TDCP reporting
	Value of  
	Value of amplitude 

	0
	0.99609375

	1
	0.994475728

	2
	0.9921875

	3
	0.988951457

	4
	0.984375

	5
	0.9779

	6
	0.96875

	7
	0.9558

	8
	0.9375

	9
	0.9116

	10
	0.875

	11
	0.8232

	12
	0.75

	13
	0.646446609

	14
	0.5

	15
	0.292893219


[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]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 use the basic TDCP configuration (E.g., Y=1, D = 1, slot, Two slots TRS, single TRS resource set in table 2) agreed in RAN1 as a starting point.
[bookmark: OLE_LINK168]We are trying to figure out the following two questions when we study the feasibility of accuracy requirement.
· Whether the accuracy requirement we define can meet the need to use this feature? 
· Based on the contributions of some companies in RAN1, the switch point of Type I and Type II is at UE speed = 10 km/hr (doppler=18 KHz for 2GHz carrier).  Threshold of TDCP amplitude value is set around 0.97. We wonder whether the false rate is low enough and how to define the accuracy requirements to guarantee low false rate.
· Whether there’s any similar TDCP amplitude distribution between different SNR?
[bookmark: OLE_LINK123]To clarify the above questions, 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 or doppler frequency.
2.2 Simulation result and Observations
[bookmark: _Ref132028784][bookmark: _Ref134470105]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.
We refer to the configuration table (A.3.17.1.1-1: CSI-RS for tracking for SCS=15 kHz) defined in TS 38.133 and set our simulation parameters in below table 2.

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

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Subcarrier spacing
	15 KHz

	[bookmark: _Hlk146639788]Doppler (map to UE velocity)
	[5, 18, 55,105,205] Hz 
map to
[3, 10, 30, 50, 85, 110] km/hr for 2GHz.

	SNR
	[-6, 0, 10, 20] dB

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

	TDCP report
	Amplitude value

	Channel model
	TDL-B; delay spread 100ns;

	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



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. To reduce the complexity, we used the arithmetic average to calculate the TDCP amplitude value based on below equation:



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 1. SNR = 20 dB for different doppler frequencies.

[bookmark: _Hlk146746474]From Figure 1, 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: _Hlk146748528]Observation 1: The faster UE moves, the higher false rate will be at high SNR.
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 2. doppler=5 Hz (3 km/hr for 2GHz) for different SNR level.

Table 3: CDF statistic of Figure 2.
	CDF
	SNR (dB)
	Amplitude

	10%
	[-6, 0, 10, 20]
	[0.553, 0.849, 0.987, 0.998]

	50%
	[-6, 0, 10, 20]
	[0.668, 0.898, 0.992, 0.999]

	90%
	[-6, 0, 10, 20]
	[0.756, 0.934, 0.995, 0.9995]

	[0%, 0%, 100%, 100%]
(CDF for Amplitude >= Threshold)
	[-6, 0, 10, 20]
	Threshold = 0.97
(Refer to the paper from Ericsson)

	[0%, 0%, 99%, 100%]
(CDF for Amplitude >= Threshold)
	[-6, 0, 10, 20]
	Threshold = 0.98
(Refer to the paper from Ericsson)



From above Table 3, we provided the following observation:
· CDF: 10% - 90 %, the amplitude variation is quite large in terms of TDCP quantization value (q in table 1).
· For SNR <= 0 dB, there’s no amplitude value >= 0.97. This means false rate is nearly 100%.
· For SNR =10 dB, there’s 99% amplitude values >= 0.98. This means false rate = 1%.
· For SNR =10 dB, there’s 100% amplitude values >= 0.97. This means false rate = 0%.
· For SNR =20 dB, there’s 100% amplitude values >= 0.97. This means false rate = 0%.
[bookmark: _Hlk146748539]Observation 2: With low speed (3km/h), false rate is high under low SNR and false rate is low under high SNR.
With max doppler shift 18Hz, i.e., 10km/h, we have the following simulation results.
[image: ]
[bookmark: OLE_LINK56][bookmark: OLE_LINK64]Figure 3. doppler=18 Hz (10 km/hr for 2GHz) for different SNR level.

[bookmark: OLE_LINK186][bookmark: OLE_LINK157]Table 4: CDF statistic of Figure 3.
	[bookmark: _Hlk146737803][bookmark: _Hlk146737487]CDF
	SNR (dB)
	Amplitude

	10%
	[-6, 0, 10, 20]
	[0.516, 0.82, 0.976, 0.99]

	50%
	[-6, 0, 10, 20]
	[0.644, 0.894, 0.988, 0.996]

	90%
	[-6, 0, 10, 20]
	[0.802, 0.947, 0.994, 0.998]

	[0%, 0%, 98%, 100%]
(CDF for Amplitude >= Threshold)
	[-6, 0, 10, 20]
	Threshold = 0.97
(Refer to the paper from Ericsson)

	[0%, 0%, 83%, 100%]
(CDF for Amplitude >= Threshold)
	[-6, 0, 10, 20]
	Threshold = 0.98
(Refer to the paper from Ericsson)



From Table 4, we provided the following observation:
· CDF: 10% - 90 %, the amplitude variation is quite large in terms of TDCP quantization value (q in table 1).
· [bookmark: OLE_LINK182]For SNR <= 0 dB, there’s no amplitude value >= 0.97. The false rate is nearly 100%.
· For SNR =10 dB, there’s 98% amplitude values >= 0.97. This means false rate = 2%.
· [bookmark: OLE_LINK159][bookmark: OLE_LINK158]For SNR =10 dB, there’s 83% amplitude values >= 0.98. This means false rate = 17%.
· For SNR =20 dB, there’s 100% amplitude values >= 0.97. This means false rate = 0%.

With max doppler shift 55Hz, i.e., 30km/h, we have the following simulation results.
[image: ]
Figure 4. doppler=55 Hz (30 km/hr for 2GHz) for different SNR level.

Table 5: CDF statistic of Figure 4.
	CDF
	SNR (dB)
	Amplitude

	10%
	[-6, 0, 10, 20]
	[0.496, 0.781, 0.909, 0.92]

	50%
	[-6, 0, 10, 20]
	[0.673, 0.885, 0.964, 0.972]

	90%
	[-6, 0, 10, 20]
	[0.816, 0.946, 0.987, 0.99]

	[100%, 100%, 60%, 45%]
(CDF for Amplitude < Threshold)
	[-6, 0, 10, 20]
	Threshold = 0.97
(Refer to the paper from Ericsson)

	[100%, 100%, 80%, 68%]
(CDF for Amplitude < Threshold)
	[-6, 0, 10, 20]
	Threshold = 0.98
(Refer to the paper from Ericsson)



From Table 5, we provided the following observation:
· CDF: 10% - 90 %, the amplitude variation is quite large in terms of TDCP quantization value (q in table 1).
· For SNR <= 0 dB, All the amplitude values < 0.97. This means the false rate is nearly 0.
· For SNR =10 dB, there’re 60% amplitude values < 0.97. This means false rate = 40%.
· For SNR =20 dB, there’re 45% amplitude values < 0.97. This means false rate = 55%.
From the above simulations, it can be observed that the fast UE moves, false rate is higher under high SNR and lower under low SNR.
[bookmark: _Hlk146748551]Observation 3: The fast UE moves, false rate is higher under high SNR and lower under low SNR.
Based on observation 3, it seems under low SNR, low speed is likely to take wrongly as fast moving; under high SNR, high speed is likely to take wrongly as slowly moving. We doubt whether we can use the reported TDCP to reflect the moving speed.
[bookmark: OLE_LINK201]We also make a comparison of the CDF for different speeds under the same SNR. It can be observed that some TDCP amplitude distribution are quite similar (E.g., (doppler=18Hz, SNR=0dB) and (doppler=55Hz and SNR=0dB)), we list the example in below table.
Table 6: CDF statistic for similar TDCP amplitude distribution.
	CDF
	Doppler (Hz)
	SNR (dB)
	Amplitude

	10%
	[bookmark: OLE_LINK197][18 Hz, 55 Hz]
	[bookmark: OLE_LINK198][0, 0]
	[0.781, 0.82]

	50%
	[18 Hz, 55 Hz]
	[0, 0]
	[0.885, 0.894]

	90%
	[18 Hz, 55 Hz]
	[0, 0]
	[0.946, 0.947]


[bookmark: _Ref146738285][bookmark: _Hlk146748564][bookmark: OLE_LINK202]Observation 4: Some TDCP amplitude distribution are quite similar, e.g., (doppler=18Hz, SNR=0dB) and (doppler=55Hz and SNR=0dB).
Based on the simulation result and above observation, we have the following proposal:
[bookmark: _Ref146738330][bookmark: _Hlk146748572]Proposal 1: It is difficult to define the accuracy requirements for TDCP that guarantee low false rates for all the concerned speed.
3 Summary
[bookmark: _Hlk94866332]In this paper, the discussion of R1-8 MIMO is provided. We have the following proposal:
Observation 1: The faster UE moves, the higher false rate will be at high SNR.
Observation 2: With low speed (3km/h), false rate is high under low SNR and false rate is low under high SNR.
Observation 3: The fast UE moves, false rate is higher under high SNR and lower under low SNR.
Observation 4: Some TDCP amplitude distribution are quite similar, e.g., (doppler=18Hz, SNR=0dB) and (doppler=55Hz and SNR=0dB).
Proposal 1: It is difficult to define the accuracy requirements for TDCP that guarantee low false rates for all the concerned speed.
4 Reference
[bookmark: _Ref141379500][bookmark: OLE_LINK91][1] R4-2314347, WF on R18 NR MIMO RRM requirements, Samsung, RAN#108
[bookmark: _Ref141379531][2] R4-2314173, Topic summary for [108][228] NR_MIMO_evo_DL_UL, Samsung, RAN#108
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