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1.	Introduction
In RAN4#108bis, it was agreed to evaluate TDCP measurement performances to decide whether/how to define the accuracy requirements. In this contribution, we present the link level simulation results and propose the framework of the requirements based on the observations.
2. 	Discussion
R4-2317371, WF on R18 NR MIMO RRM requirement, RAN4#108bis, Oct. 2023.
	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
· Further study on feasibility study on TDCP accuracy requirements based on existing evaluation results and additional evaluation results in RAN4#109 meeting. Make a conclusion of feasibility study in RAN4#109 meeting. 
· Draft CR on TDCP is expected to be submitted in the next meeting, and whether it can be agreeable depending on the conclusion of feasibility study.
Understanding of other parameters:
· Wideband measurement based on RAN1 definition

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:





In Fig 1 and Fig 2, CDF curves for 10MHz BW at 20dB SNR are presented for TDD with 30kHz SCS and FDD with 15kHz SCS, respectively, and two schemes for TDCP estimation (non-averaged and averaged over 4 measurement occasions) are included for each. Besides, the CDF curves for both unquantized and quantized TDCP are shown. The estimated TDCP values at 90%, 50% and 10% of CDF points are provided in the Table 1 and Table 2. From the simulation results, we observe the following.

Observation 1: For a given Doppler spread, in higher SNR than 5dB, the distributions of TDCP results for different SNR conditions do not significantly deviate.
Observation 2: The deviation of the distributions of TDCP results increases as the Doppler spread increases. And the deviation can be reduced by averaging TDCP over multiple measurement occasions.
Observation 3: At the highest Doppler spread (300Hz), the deviation of the estimated TDCP, at 50% in TDD, from the expected auto-correlation value based on Jakes model (see Fig. 3) is larger than FDD due to the smaller number of TRS resources in the frequency domain.
Observation 4: CDF of TDCP for low Doppler spreads at 10% point overlaps with CDF of TDCP for high Doppler spreads at 90%.
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Figure 1-A. CDFs of unquantized TDCP reports for instantaneous TDCP and averaged TDCP over 4 samples
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Figure 1-B. CDFs of quantized TDCP reports for instantaneous TDCP and averaged TDCP over 4 samples
Figure 1. CDFs of TDCP for 10MHz BW TDD with 30kHz at 20dB SNR
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Figure 2-A. CDFs of unquantized TDCP reports for instantaneous TDCP and averaged TDCP over 4 samples
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Figure 2-B. CDFs of quantized TDCP reports for instantaneous TDCP and averaged TDCP over 4 samples
Figure 2. CDFs of TDCP for 10MHz BW FDD with 15kHz at 20dB SNR



[bookmark: _Hlk149809806]Table 1. Collection of estimated TDCP at 90%, 50% and 10% CDF points in TDD with 30kHz SCS
	SNR [dB]
	Doppler Spread [Hz]
	instantaneous TDCP
	averaged TDCP over 4 samples

	
	
	90th-P
	50th-P
	10th-P
	90th-P
	50th-P
	10th-P

	5
	10
	0.993537
	0.983412
	0.951935
	0.988698
	0.978308
	0.961635

	10
	10
	0.997048
	0.992663
	0.97746
	0.995055
	0.990168
	0.983036

	15
	10
	0.998331
	0.996049
	0.98835
	0.997199
	0.994747
	0.990371

	20
	10
	0.999275
	0.998341
	0.995235
	0.998751
	0.997789
	0.995962

	5
	30
	0.993072
	0.981535
	0.94557
	0.986619
	0.976699
	0.953302

	10
	30
	0.996905
	0.991117
	0.972587
	0.993761
	0.988952
	0.977177

	15
	30
	0.99806
	0.994646
	0.983929
	0.996342
	0.993286
	0.986349

	20
	30
	0.998994
	0.997191
	0.990505
	0.998078
	0.996324
	0.991936

	5
	75
	0.990807
	0.975609
	0.915614
	0.982601
	0.9676
	0.932873

	10
	75
	0.995196
	0.986005
	0.945269
	0.990163
	0.980634
	0.956608

	15
	75
	0.996797
	0.990167
	0.957856
	0.993014
	0.98574
	0.965765

	20
	75
	0.99784
	0.992727
	0.964458
	0.995032
	0.988779
	0.971067

	5
	100
	0.988515
	0.970868
	0.890082
	0.97821
	0.957946
	0.917441

	10
	100
	0.993966
	0.981103
	0.919975
	0.986567
	0.971464
	0.934326

	15
	100
	0.995632
	0.985033
	0.928102
	0.989273
	0.976628
	0.942496

	20
	100
	0.996863
	0.987543
	0.934258
	0.991303
	0.979706
	0.947063

	5
	200
	0.980974
	0.937058
	0.786503
	0.957755
	0.911935
	0.836961

	10
	200
	0.986365
	0.949576
	0.805034
	0.966358
	0.923892
	0.855456

	15
	200
	0.987683
	0.952684
	0.811816
	0.968478
	0.927527
	0.861107

	20
	200
	0.988921
	0.954907
	0.814426
	0.970558
	0.931314
	0.865625

	5
	300
	0.96859
	0.893131
	0.68657
	0.925918
	0.86322
	0.783137

	10
	300
	0.973888
	0.90208
	0.70119
	0.93638
	0.873256
	0.793273

	15
	300
	0.975283
	0.905922
	0.699447
	0.93833
	0.875693
	0.794934

	20
	300
	0.976612
	0.90851
	0.70914
	0.939936
	0.878084
	0.796518



Table 2. Collection of estimated TDCP at 90%, 50% and 10% CDF points in FDD with 30kHz SCS
	SNR [dB]
	Doppler Spread [Hz]
	instantaneous TDCP
	averaged TDCP over 4 samples

	
	
	90th-P
	50th-P
	10th-P
	90th-P
	50th-P
	10th-P

	5
	10
	0.996203
	0.990834
	0.974617
	0.993844
	0.988719
	0.978992

	10
	10
	0.997834
	0.994875
	0.985936
	0.996331
	0.993476
	0.988129

	15
	10
	0.99878
	0.997079
	0.991786
	0.997835
	0.99626
	0.99328

	20
	10
	0.999337
	0.998414
	0.99515
	0.998768
	0.997896
	0.996044

	5
	30
	0.995325
	0.987025
	0.956609
	0.99116
	0.983028
	0.96489

	10
	30
	0.99684
	0.991099
	0.967532
	0.993895
	0.987693
	0.972163

	15
	30
	0.997788
	0.993388
	0.973981
	0.99562
	0.990508
	0.977318

	20
	30
	0.998516
	0.995091
	0.977297
	0.99676
	0.992572
	0.979179

	5
	75
	0.990154
	0.966294
	0.865328
	0.977279
	0.951066
	0.899013

	10
	75
	0.991223
	0.970643
	0.873576
	0.979893
	0.956605
	0.904127

	15
	75
	0.992496
	0.972904
	0.877391
	0.981817
	0.95925
	0.908497

	20
	75
	0.993333
	0.974587
	0.88329
	0.983194
	0.961089
	0.911093

	5
	100
	0.985657
	0.951064
	0.804881
	0.964812
	0.927638
	0.861995

	10
	100
	0.987228
	0.954663
	0.812039
	0.967364
	0.931472
	0.862659

	15
	100
	0.988013
	0.955508
	0.814998
	0.96914
	0.933232
	0.862719

	20
	100
	0.988804
	0.956296
	0.816667
	0.970534
	0.93447
	0.863632

	5
	200
	0.957937
	0.855108
	0.623035
	0.9051
	0.819786
	0.726415

	10
	200
	0.959557
	0.854793
	0.62214
	0.905497
	0.822602
	0.729811

	15
	200
	0.9615
	0.854113
	0.623145
	0.905881
	0.82377
	0.730284

	20
	200
	0.962167
	0.855174
	0.624165
	0.906716
	0.824504
	0.73107

	5
	300
	0.919078
	0.7921
	0.543941
	0.854125
	0.766631
	0.660966

	10
	300
	0.9191
	0.791392
	0.545443
	0.854835
	0.767923
	0.661871

	15
	300
	0.91914
	0.792724
	0.547876
	0.856287
	0.766644
	0.662332

	20
	300
	0.920831
	0.794379
	0.550646
	0.858668
	0.768281
	0.664569



As shown in Fig 3, the difference of auto-correlation values between a low Doppler spread and a high Doppler spread in TDD is 4 times smaller than that in FDD due to the different slot lengths.

Observation 5: For the basic lag distance (1 slot delay), the auto-correlation differences between Doppler spread 75Hz and 300Hz are approximately 0.05 and 0.2 for TDD and FDD, respectively. 
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Figure 3. Auto correlation function for Jakes Model

Taking the above observations into account, we draw the following conclusions:
1) We see the feasibility of defining TDCP accuracy requirements.
2) Considering the use case of TDCP at gNB, .e.g. aid gNB to determine whether/how to adapt the configurations on CSI codebook between Type-I and (e)Type-II, CSI feedback vs. SRS antenna switch, CSI-RS/SRS resource periodicity depending on the channel variation rate, it is recommended to define the requirements for two Doppler spread values, one for a low Doppler spread and the other for a high Doppler spread.
3) It is not recommended to define the requirements based on the tail of TDCP CDF.

Proposal 1: If agreed to define TDCP accuracy requirement, the requirement and corresponding tests are defined based on the following framework:
· Two Doppler spread values, one for a low Doppler spread and the other for a high Doppler spread, should be chosen. e.g. [30Hz or 75Hz] and 300Hz.
· The requirement is defined such that 50% of CDF of the reported TDCP values (more than X TDCP samples over Y sec) is within Z1 and Z1. FFS on X, Y, Z1, and Z2.
· The requirement is applicable at SNR > 5dB.

3.	Conclusion
Observations and proposals are summarized below:
Observation 1: For a given Doppler spread, in higher SNR than 5dB, the distributions of TDCP results for different SNR conditions do not significantly deviate.
Observation 2: The deviation of the distributions of TDCP results increases as the Doppler spread increases. And the deviation can be reduced by averaging TDCP over multiple measurement occasions.
Observation 3: At the highest Doppler spread (300Hz), the deviation of the estimated TDCP, at 50% in TDD, from the expected auto-correlation value based on Jakes model (see Fig. 3) is larger than FDD due to the smaller number of TRS resources in the frequency domain.
Observation 4: CDF of TDCP for low Doppler spreads at 10% point overlaps with CDF of TDCP for high Doppler spreads at 90%.
Observation 5: For the basic lag distance (1 slot delay), the auto-correlation differences between Doppler spread 75Hz and 300Hz are approximately 0.05 and 0.2 for TDD and FDD, respectively. 
Proposal 1: If agreed to define TDCP accuracy requirement, the requirement and corresponding tests are defined based on the following framework:
· Two Doppler spread values, one for a low Doppler spread and the other for a high Doppler spread, should be chosen. e.g. [30Hz or 75Hz] and 300Hz.
· The requirement is defined such that 50% of CDF of the reported TDCP values (more than X TDCP samples over Y sec) is within Z1 and Z1. FFS on X, Y, Z1, and Z2.
· The requirement is applicable at SNR > 5dB.
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