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1. Introduction 
In RAN4#109 RRM impacts for R18 MIMO evolution were discussed and way forward [1] was agreed.  In this contribution we present our views on RRM requirements for TDCP measurement.   
2. Discussion
In [1] the following agreements were made for feasibility of introducing accuracy requirements for TDCP :
	Issue 1-1-1: Is it feasible to define TDCP accuracy requirement for TDCP?
Agreement: 
· No RRM core requirement to be defined, and further discuss the following options:
· Option 1: Define accuracy and test cases as part of performance requirement
· Option 2: Do not define accuracy requirement but define test cases for particular configurations as part of performance requirements
· Option 3: Do not define accuracy requirement and test cases as part of performance requirements



In RAN4#108bis it was agreed to study feasibility and simulation assumptions for the study were agreed in [2]. In RAN4#109 we provided results for feasibility study for defining accuracy requirements in [3] and we provide them again below to corroborate our proposals.  

	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:





The simulation assumptions for the feasibility are provided in the table below:
	Parameter
	Value

	Delay (between TRS symbols)
	1slot

	Channel model
	TDLA, delay spread=30ns
TDLB, delay spread=30ns

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

	SNR
	  5:5:20

	Number of samples 
	One shot measurement

	Channel BW
	10MHz

	SCS
	30KHz 

	Reference Channel estimation
	LS CE for TRS 

	Correlation matrix and antenna configuration
	1x2 Low
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Companies were suggested to provide the median, 10,90 percentile points of the TDCP measurement. In the tables below we provide the unquantized TDCP amplitude statistics.  

Table 1: Statistics for TDLA-30 with 30KHz SCS
	Doppler
	SNR
	10 Perc
	90 Perc
	Median

	10
	5
	0.5037
	0.8272
	0.7028

	
	10
	0.7367
	0.9337
	0.8715

	
	15
	0.8901
	0.9754
	0.9516

	
	20
	0.9572
	0.9903
	0.9809

	75
	5
	0.4766
	0.8193
	0.6613

	
	10
	0.6874
	0.9295
	0.8465

	
	15
	0.8476
	0.9727
	0.9375

	
	20
	0.9279
	0.9876
	0.9712

	100
	5
	0.4577
	0.8085
	0.654

	
	10
	0.6763
	0.9251
	0.8375

	
	15
	0.8306
	0.9696
	0.9293

	
	20
	0.9028
	0.9846
	0.964

	200
	5
	0.4273
	0.7923
	0.6182

	
	10
	0.6138
	0.9119
	0.8002

	
	15
	0.7195
	0.9596
	0.895

	
	20
	0.7657
	0.9769
	0.9322

	300
	5
	0.386
	0.7702
	0.5976

	
	10
	0.553
	0.89
	0.7648

	
	15
	0.65
	0.9425
	0.8555

	
	20
	0.6928
	0.9617
	0.8913



Table 2: Statistics for TDLB-100 with 30KHz SCS
	Doppler
	SNR
	10 Perc
	90 Perc
	Median

	10
	5
	0.5939
	0.8165
	0.7253

	
	10
	0.8113
	0.9303
	0.8875

	
	15
	0.9250
	0.9742
	0.9575

	
	20
	0.9714
	0.9902
	0.9830

	30
	5
	0.5882
	0.8158
	0.7148

	
	10
	0.8067
	0.9293
	0.8821

	
	15
	0.9214
	0.9739
	0.9545

	
	20
	0.9659
	0.9907
	0.9797

	75
	5
	0.5655
	0.8073
	0.7057

	
	10
	0.7801
	0.9225
	0.8726

	
	15
	0.8970
	0.9673
	0.9449

	
	20
	0.9436
	0.9853
	0.9713

	100
	5
	0.5628
	0.8000
	0.6984

	
	10
	0.7689
	0.9175
	0.8628

	
	15
	0.8833
	0.9629
	0.9366

	
	20
	0.9256
	0.9802
	0.9632

	200
	5
	0.5078
	0.7740
	0.6609

	
	10
	0.6781
	0.8897
	0.8148

	
	15
	0.7672
	0.9372
	0.8848

	
	20
	0.8035
	0.9556
	0.9099



In the table below we capture the measurement error for different Doppler, SNR and channel models. 
Table 3: TDCP Measurement Error Statistics
	Doppler
	SNR (dB)
	15KHz SCS
	30KHz SCS

	
	
	Ideal
	% Error
	Ideal
	% Error

	
	
	
	TDLA-30
	TDLB-100
	
	TDLA-30
	TDLB-100

	10
	5
	0.999
	32%
	19%
	0.9998
	30%
	27%

	
	10
	
	14%
	7%
	
	13%
	11%

	
	15
	
	5%
	3%
	
	5%
	4%

	
	20
	
	2%
	1%
	
	2%
	2%

	30
	5
	0.9911
	
	19%
	0.9978
	
	28%

	
	10
	
	
	7%
	
	
	12%

	
	15
	
	
	2%
	
	
	4%

	
	20
	
	
	0%
	
	
	2%

	75
	5
	0.9452
	29%
	16%
	0.9862
	33%
	28%

	
	10
	
	11%
	4%
	
	14%
	12%

	
	15
	
	3%
	1%
	
	5%
	4%

	
	20
	
	1%
	2%
	
	2%
	2%

	100
	5
	0.9037
	31%
	15%
	0.9755
	33%
	28%

	
	10
	
	11%
	2%
	
	14%
	12%

	
	15
	
	1%
	4%
	
	5%
	4%

	
	20
	
	3%
	6%
	
	1%
	1%

	200
	5
	0.6425
	13%
	4%
	0.9037
	32%
	27%

	
	10
	
	12%
	23%
	
	11%
	10%

	
	15
	
	24%
	31%
	
	1%
	2%

	
	20
	
	29%
	34%
	
	3%
	1%

	300
	5
	0.2906
	76%
	
	0.79
	24%
	

	
	10
	
	128%
	
	
	3%
	

	
	15
	
	153%
	
	
	8%
	

	
	20
	
	164%
	
	
	13%
	



Based on the results, we observe a large dependence on SNR, channel model and Doppler on the TDCP measurement. Requirements if defined would need to be for a specific SNR, channel model and Doppler. Such accuracy requirements are not useful.
Observation #1:  Simulation results show that the TDCP measurement is very sensitive to SNR and depends on channel model and Doppler.
Observation #2:  It is not feasible to define accuracy requirements for TDCP measurement that would be applicable to a range of SNR, and all channel conditions.

Based on the agreements in previous meeting, the feasibility study and evaluation are limited to TDL channel model. Also, the ideal or genie value is only for a specific channel model. The accuracy requirements specified in RRM are typically agnostic to propagation channel condition and applicable to a range of SNR, although the test case might be defined for a certain channel model and SNR. If in case it is determined that it is feasible to define inaccuracy requirements for TDCP measurement based on certain channel model- TDL in this case, such accuracy requirements would only be for that channel model and not applicable in real deployment. Such a requirement is inadequate and not useful, as UE meeting the accuracy requirement in the test setup wouldn’t ensure accuracy in actual deployment. 
Observation #3:  The accuracy requirements for RRM are agnostic to propagation channel condition and applicable to a range of SNR. 
Observation #4:  The feasibility study of defining accuracy requirements for TDCP measurement is limited to TDL channel model.
Observation #5:  Defining an accuracy requirement for TDCP measurement in a certain channel model is inadequate and not useful in real deployment.
Another issue is with testability. We typically have performance tests for accuracy in static channel condition, since the measurement could change based on the fading channel and we cannot determine if the error is due to instantaneous channel condition or measurement error.  
Observation #6:  Testability issue with defining such accuracy requirements as static channel conditions are used for accuracy requirements and TDCP measurement accuracy would need a TDL channel.
Observation #7:  Using a fading channel for accuracy requirement test might lead to false errors, as the measurement can change with channel conditions.
Based on the above observations, we don’t think it is feasible to define accuracy requirements for TDCP measurement and propose not to introduce any accuracy requirements for TDCP measurement. 
Proposal #1:  Do not define accuracy requirements for TDCP measurement. 
Further considerations in RAN4
Based on the results there seem to be limited scenarios when the TDCP measurement is reliable. To make the feature useful in deployment, there might be a necessity to introduce criteria for TDCP reporting. One way is that the TDCP measurement is only triggered when the reporting L1-RSRP or L1-SINR for serving cell is larger than some threshold. Another way is that associated L1-RSRP or L1-SINR measurement is reported along with the TDCP measurement to provide additional indication on the reliability of the measurement. 
Proposal #2:  Introduce additional criteria for TDCP measurement reporting. 
Proposal #3:  Introduce additional L1-SINR or L1-RSRP reporting along with TDCP reporting
The network could either configure new measurement or use the existing reports of L1 measurements from the serving cell to trigger aperiodic CSI for TDCP measurement reporting. The network could trigger a report only when the serving cell L1 measurements are above a certain threshold. 
Proposal #4:  Network can trigger aperiodic CSI for TDCP measurement reporting based on serving cell L1 measurement report
Proposal #5:  UE is expected to receive aperiodic CSI for TDCP measurement reporting only when reported L1-RSRP or L1-SINR from serving cell are larger than a threshold. 

3. Conclusion
In this paper, we provide our views on open issues on RRM requirements for TDCP measurement. Our observations and proposals are captured below:
Observation #1:  Simulation results show that the TDCP measurement is very sensitive to SNR and depends on channel model and Doppler.
Observation #2:  It is not feasible to define accuracy requirements for TDCP measurement that would be applicable to a range of SNR, and all channel conditions.
Observation #3:  The accuracy requirements for RRM are agnostic to propagation channel condition and applicable to a range of SNR. 
Observation #4:  The feasibility study of defining accuracy requirements for TDCP measurement is limited to TDL channel model.
Observation #5:  Defining an accuracy requirement for TDCP measurement in a certain channel model is inadequate and not useful in real deployment.
Observation #6:  Testability issue with defining such accuracy requirements as static channel conditions are used for accuracy requirements and TDCP measurement accuracy would need a TDL channel.
Observation #7:  Using a fading channel for accuracy requirement test might lead to false errors, as the measurement can change with channel conditions.

1. Do not define accuracy requirements for TDCP measurement. 

Proposal #7:  Introduce additional criteria for TDCP measurement reporting. 
Proposal #8:  Introduce additional L1-SINR or L1-RSRP reporting along with TDCP reporting
Proposal #9:  Network can trigger aperiodic CSI for TDCP measurement reporting based on serving cell L1 measurement report
Proposal #10:  UE is expected to receive aperiodic CSI for TDCP measurement reporting only when reported L1-RSRP or L1-SINR from serving cell are larger than a threshold. 
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