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1	Introduction
In this paper and based on the progress summarized in WF [1], we present new simulation results on the PDSCH performance in the frequency range 52.6 GHz to 71 GHz. We carried out our simulations using the agreed channel models and parameters. 
In RAN4 meeting #103-e, WF [1] underlined some issues to consider in the simulation setup. As general aspects, the propagation environments to be considered are given by 
	Issue 1-2-1/1-2-2: TDL Channel Model and RMS Delay Spread
· RAN4 will specify demodulation requirements covering TDL-A10 (baseline) and TDL-D10 (for specific test cases)
· FFS whether TDL-A20 needed or not 
Issue 1-2-3: Max Doppler Frequency
· TDL-D with 200Hz Max doppler
· TDL-A channel:
· Option 1: 200Hz
· Option 2: 650Hz
· Option 3: both 200Hz, and 650Hz
Issue 2-1-11: Phase Noise Model Assumption
· PN is considered at UE only



However, several needed related parameters have not been agreed yet, such as   
	Issue 2-1-7: Whether to define requirements at 30% of peak throughput
· Option 1: Yes 
· Option 2: No
Issue 2-1-9: Whether to define requirements with Rank2
· Option 1: Yes
· Option 2: No
· Option 3: Decide based on simulation results.
Issue 2-1-12: Phase Noise Compensation
· Option 1: CPE compensation only 
· Option 2: CPE+ICI compensation
· Option 3: CPE or CPE+ICI decision depends on the test case 
Larger MCS and CBW may benefit with CPE+ICI.



2	PDSCH Simulation Results
2.1 Simulation setup
As per WF [1], and due to the channel resolution issues, we carried out simulations using a delay spread of 10 ns and 20 ns for both agreed channel models TDLA and TDLD, while considering low and moderate velocities (given by the maximum Doppler frequencies of 200 Hz and 650 Hz). 
Furthermore, RAN4 was not able to agree on a single representative phase noise (PN) model during the study item. Therefore, and for the sake of fairness, we performed our simulations considering both PN models in TR 38.808 [2], referring to as Set 1 and Set 2, where Set 1 has been proposed in [3] and Set 2 also known as TR 38.803 Example 2. 

We will use as general parameters.
· Numerologies:
· SCS = 120 KHz, CBW = 100 MHz (66 PRB) and 400 MHz (264 PRB).
· SCS = 480 KHz, CBW = 400 MHz (66 PRB) and 800 MHz (124 PRB).
· MCS 4, 13, 17, 20, and 22
· Max Doppler frequency/DMRS
· UE speed at 3 Km/h (f_D = 200 Hz), DMRS 1+1 ((2,11) symbol indexes)
· UE speed at 10 Km/h (f_D = 650 Hz), DMRS 1+1 ((2,11) symbol indexes)
· Two PN models in TR 83.808 [2]:
· Set 1 in TR 38.808: PN model in [3], referred to as R4_2010176
The design margin (DM) should be set to 0 dB for BS while to be set to 5 dB for UE
· Set 2 in TR 38.808: PN model TR38.803 Ex2, Set 2 in TR 38.808
· Carrier frequency: 70 GHz
· Antenna configuration: 2x2 ULA Low
· Rank 1
· Rel-15 PTRS configuration, K = 2, L = 1

· Phase noise at the UE receiver only
· Benchmark: No PN and No compensation
· CPE compensation only
· CPE + ICI compensation (de-ICI filter of length 3 (u = 1) and length 5 (u = 2))
We summarize the parameters above in the following table
	Assumptions
	Value

	Carrier Frequency [GHz]
	70 GHz

	Subcarrier Spacing [KHz]
	120 KHz, 480 KHz

	Waveform
	CP-OFDM

	CP Type
	Normal CP

	Channel Model
	TDLA (10 ns and 20 ns delay spread (DS)) and TDLD (10 ns DS)

	Antenna configuration
	2x2 ULA Low

	Velocity
	3 km/h, 10 km/h

	PA Model
	None

	gNB PN Model
	TR38.803 example 2 BS PN profile and Set 1 [2]

	UE PN Model
	TR38.803 example 2 UE PN profile and Set 1 [2]

	Pre-loaded Tx EVM
	6%

	Additive Rx EVM
	0%

	I-Q Imbalance
	None

	Frequency Offset
	0 ppm

	Channel Estimation
	Realistic channel estimation

	Transmission Rank
	Rank 1

	DMRS Configuration
	[bookmark: _Hlk101273608]2 DMRS symbols at (2,11) symbol indexes

	PTRS Configuration
	For CP-OFDM: (K = 2, L = 1)

	CSI-RS / TRS
	CSI-RS/TRS is assumed to be off (for RS overhead)

	MCS/TBS
	From MCS Table 1 (TS38.214): MCS 4, 13, 17, 20, and 22.
Note: It is assumed that NohPRB = 0 for MCS calculations.


	
Observation 1: Low MCS is less susceptible to phase rotation error. Consequently, only CPE compensation will be applied.

By applying high MCS in the presence of PN effects, ICI compensation filtering could be needed especially for large PRB number allocation.
Observation 2: For moderate/high MCS and large PRB number allocation, the companies are encouraged to consider ICI compensation techniques while keeping same Rel-15 PTRS pattern.
2.2 Simulation results

In this section, we will present the normalized PDSCH throughput as function of the signal to noise ratio (SNR). As per RAN4 PDSCH metric, we will refer to SNR1 and SNR2 as the corresponding SNR value to 70% (or 30 %) of the peak throughput value when using PN models Set 1 and Set 2, respectively.  
Furthermore, it is worth mentioning that for either low MCS or small PRB number allocation, we only apply CPE compensation. However, if a large PRB number is allocated (such as 124 or 264 PRBs), CPE compensation will be followed by ICI filtering to compensate PN effects when moderate/high MCS has been used. Therein, the ICI compensation filtering of lengths 3 (u = 1) and 5 (u = 2) will apply. In the sequel, we present the simulation setup tables that we have used.
Test cases:
1. CBW (MHz)/SCS (KHz) = 100/120, TDLA10-200/650, TDLA20-200/650, TDLD10-200, Metric: 70% Peak Throughput

	Test case
	fc 
(GHz)
	CBW/SCS
(PRB)
	MCS
	Rank
	Propagation condition
	PN compensation
	Antenna config

	
	
	
	
	
	
	
	

	Test
1-1
	70

	100/120
(66)
	4
	1
	TDLA10-200
TDLA10-650
TDLA20-200
TDLA20-650
	CPE

	2x2 ULA 
Low

	Test
1-2
	70
	100/ 120
(66)
	13
	1
	TDLA10-200
TDLA10-650
TDLA20-200
TDLA20-650
	CPE

	2x2 ULA 
Low

	Test
1-3
	70
	100/ 120
(66)
	17
	1
	TDLA10-200
TDLA10-650
TDLA20-200
TDLA20-650
TDLD10-200
	CPE
	2x2 ULA 
Low

	Test
1-4
	70
	100/ 120
(66)
	20
	1
	TDLA10-200
TDLA10-650
TDLA20-200
TDLA20-650
TDLD10-200
	CPE
	2x2 ULA 
Low

	Test
1-5
	70
	100/ 120
(66)
	22
	1
	TDLA10-200
TDLA10-650
TDLA20-200
TDLA20-650
TDLD10-200
	CPE
	2x2 ULA 
Low



2. CBW (MHz)/SCS (KHz) = 400/120, TDLA10-200/650, TDLA20-200/650, TDLD10-200, Metric: 70% Peak Throughput

	Test case
	fc 
(GHz)
	CBW/SCS
(PRB)
	MCS
	Rank
	Propagation condition
	PN compensation
	Antenna config

	
	
	
	
	
	
	
	

	Test
2-1
	70

	400/120
(264)
	17
	1
	TDLA10-200
TDLA10-650
TDLA20-200
TDLA20-650
TDLD10-200
	CPE
CPE+ICI
	2x2 ULA 
Low

	Test
2-2
	70
	400/ 120
(264)
	20
	1
	TDLA10-200
TDLA10-650
TDLA20-200
TDLA20-650
TDLD10-200
	CPE
CPE+ICI

	2x2 ULA 
Low

	Test
2-3
	70
	400/ 120
(264)
	22
	1
	TDLA10-200
TDLA10-650
TDLA20-200
TDLA20-650
TDLD10-200
	CPE
CPE+ICI
	2x2 ULA 
Low





3. CBW (MHz)/SCS (KHz) = 400/480, TDLA10-200, TDLA20-200, TDLD10-200, Metric: 70% Peak Throughput

	Test case
	fc 
(GHz)
	CBW/SCS
(PRB)
	MCS
	Rank
	Propagation condition
	PN compensation
	Antenna config

	
	
	
	
	
	
	
	

	Test
3-1
	70

	400/480
(66)
	4
	1
	TDLA10-200
TDLD10-200
TDLA20-200
	CPE

	2x2 ULA 
Low

	Test
3-2
	70
	400/480
(66)
	13
	1
	TDLA10-200
TDLD10-200
TDLA20-200
	CPE

	2x2 ULA 
Low

	Test
3-3
	70
	400/480
(66)
	17
	1
	TDLA10-200
TDLD10-200
TDLA20-200
	CPE
	2x2 ULA 
Low

	Test
3-4
	70
	400/480
(66)
	20
	1
	TDLA10-200
TDLD10-200
TDLA20-200
	CPE
	2x2 ULA 
Low

	Test
3-5
	70
	400/480
(66)
	22
	1
	TDLA10-200
TDLD10-200
TDLA20-200
	CPE
	2x2 ULA 
Low




4.     CBW (MHz)/SCS (KHz) = 800/480, TDLA10-200, TDLA20-200, TDLD10-200, Metric: 70% Peak Throughput,

	Test case
	fc 
(GHz)
	CBW/SCS
(PRB)
	MCS
	Rank
	Propagation condition
	PN compensation
	Antenna config
	SNR @ 70 Peak Throughput

	
	
	
	
	
	
	
	
	SNR1
(Set 1)
	SNR2 
(Set 2)

	Test
4-1
	70

	800/480
(124)
	17
	1
	TDLA10-200
TDLD10-200
TDLA20-200
	CPE
CPE+ICI
	2x2 ULA 
Low
	TBD
	TBD

	Test
4-2
	70
	800/480
(124)
	20
	1
	TDLA10-200
TDLD10-200
TDLA20-200
	CPE
CPE+ICI

	2x2 ULA 
Low
	
	

	Test
4-3
	70
	800/480
(124)
	22
	1
	TDLA10-200
TDLD10-200
TDLA20-200
	CPE
CPE+ICI
	2x2 ULA 
Low
	
	



5. Metric 30% Peak Throughput, HARQ processes: 16

	Test case
	fc 
(GHz)
	CBW/SCS
(PRB)
	MCS
	Rank
	Propagation condition
	PN compensation
	Antenna config

	
	
	
	
	
	
	
	

	Test
5-1
	70

	100/120
(66)
	13
	1
	TDLA10-200
TDLA10-650
TDLA20-200
TDLA20-650
	CPE

	2x2 ULA 
Low

	Test
5-2
	70
	400/ 480
(66)
	13
	1
	TDLA10-200
TDLD10-200
TDLA20-200
	CPE

	2x2 ULA 
Low




Summary of test cases:
	Metric
	Purpose
	Test index

	70% of peak Throughput
	Verify the PDSCH mapping Type A normal performance under 2 receive antenna conditions and with different channel models and MCSs but limited to 1 MIMO layer (Rank 1).
	1-1, 1-2, 1-3, 1-4, 1-5,
2-1, 2-2, 2-3, 
3-1, 3-2, 3-3, 3-4, 3-5,
4-1, 4-2, 4-3,

	30% of peak Throughput
	Verify the PDSCH mapping Type A HARQ soft combining performance under 2 receive antenna conditions.
	5-1, 5-2



2.2.1 SCS/CBW = 120 KHz/100 MHz results

Considering our benchmark, when no PN applied at both sides (ideal case), the achieved SNRs at 70% of the peak throughput have been referred to as SNR0 and gathered along with SNR1 and SNR2 in Tables 1.1 and 1.2. Furthermore, in the sequel, we will refer to D1 = SNR1 – SNR0 and D2 = SNR2 – SNR0 as the SNR gap (dB) between the PN compensation output, either by applying CPE only or followed by ICI compensation, to the ideal case. 
For 120 KHz SCS and 100 MHz CBW, only 66 PRBs are allocated where Table 1.1 gathers results for low MCS (4 and 13) while Table 1.2 considers moderate and high MCS (17, 20 and 22). It is worth that the Reference SNR0 threshold is at [7.7] dB. 
Table 1.1 - Reference SNR values whether PN has been considered or not for SCS 120 KHz/ CBW 100 MHz for low MCS (4 and 13).
	
	CBW (MHz) / SCS (KHz) = 100/120 (66 PRBs)
	PN @ RX (UE) only

	Test case
	MCS

	Propagation condition
	NO PN
SNR0 (dB) @ 70% Max                           
Throughput
	PN compensa-tion
	SNR1 (dB) @
70% Max                      Throughput
	D1 (dB)
	SNR2 (dB) @
70% Max                      Throughput
	D2 (dB)

	

Test
1-1

	


4
	TDLA10-200
	-3.3788
	No Comp
	-3.2522
	-
	-3.206
	-

	
	
	
	
	CPE
	-3.1424
	0.2364
	-3.1289
	0.2499

	
	
	TDLA10-650
	-3.1813
	No Comp
	-3.028
	-
	-2.9786
	-

	
	
	
	
	CPE
	-2.9126
	0.2687
	-2.8743
	0.307

	
	
	TDLA20-200
	-3.3421
	No Comp
	-3.2319
	-
	-3.1826
	-

	
	
	
	
	CPE
	-3.1246
	0.2175
	-3.0797
	0.2624

	
	
	TDLA20-650
	-3.0976
	No Comp
	-2.9745
	-
	-2.9579
	-

	
	
	
	
	CPE
	-2.8692
	0.2284
	-2.851
	0.2466

	
Test
1-2

	


13
	TDLA10-200
	4.4407
	No Comp
	4.7784
	-
	4.9897
	-

	
	
	
	
	CPE
	4.7578
	0.3171
	4.9312
	0.4905

	
	
	TDLA10-650
	5.0223
	No Comp
	5.3213
	-
	5.5581
	-

	
	
	
	
	CPE
	5.3199
	0.2976
	5.4865
	0.4642

	
	
	TDLA20-200
	4.4508
	No Comp
	4.8033
	-
	5.0328
	-

	
	
	
	
	CPE
	4.7688
	0.318
	4.9456
	0.4948

	
	
	TDLA20-650
	4.9883
	No Comp
	5.3312
	-
	5.5643
	-

	
	
	
	
	CPE
	5.286
	0.2977
	5.474
	0.4857



Observation 3: Referring to Table 1.1, when considering SCS/CBW = 120 KHz/100 MHz and low MCS (4 and 13), both D1 and D2 remain below 1 dB showing that the CPE compensation is enough when considering TDLA10/20 – 200/650.

Table 1.2 - Reference SNR values whether PN has been considered or not for SCS 120 KHz/ CBW 100 MHz for moderate and high MCS (17, 20 and 22).
	
	CBW (MHz) / SCS (KHz) = 100/120 (66 PRBs)
	PN @ RX (UE) only

	Test case
	MCS

	Propagation condition
	NO PN
SNR0 (dB) @ 70% Max                           
Throughput
	PN compensa-tion
	SNR1 (dB) @
70% Max                      Throughput
	D1 (dB)
	SNR2 (dB) @
70% Max                      Throughput
	D2 (dB)

	



Test
1-3

	



17
	TDLA10-200
	7.7469
	No Comp
	8.4733
	-
	8.9909
	-

	
	
	
	
	CPE
	8.3185
	0.5716
	8.7127
	0.9658

	
	
	TDLA10-650
	8.3275
	No Comp
	9.0621
	-
	9.5952
	-

	
	
	
	
	CPE
	8.9399
	0.6124
	9.2739
	0.9464

	
	
	TDLA20-200
	7.7642
	No Comp
	8.5336
	-
	9.1027
	-

	
	
	
	
	CPE
	8.3566
	0.5924
	8.7411
	0.9769

	
	
	TDLA20-650
	8.2882
	No Comp
	9.0361
	-
	9.6357
	-

	
	
	
	
	CPE
	8.8699
	0.5817
	9.2879
	0.9997

	
	
	TDLD10-200
	4.0109
	No Comp
	4.6669
	-
	5.2091
	-

	
	
	
	
	CPE
	4.5089
	0.498
	4.8917
	0.8808

	



Test
1-4

	



20
	TDLA10-200
	10.0022
	No Comp
	11.3884
	-
	12.7607
	-

	
	
	
	
	CPE
	10.9281
	0.9259
	11.7925
	1.79

	
	
	TDLA10-650
	10.7018
	No Comp
	12.0465
	-
	13.4952
	-

	
	
	
	
	CPE
	11.6043
	0.9025
	12.393
	1.6912

	
	
	TDLA20-200
	10.1098
	No Comp
	11.5219
	-
	12.8943
	-

	
	
	
	
	CPE
	11.0611
	0.9513
	11.8998
	1.79

	
	
	TDLA20-650
	10.7017
	No Comp
	12.0954
	-
	13.6599
	-

	
	
	
	
	CPE
	11.6132
	0.9115
	12.4859
	1.7842

	
	
	TDLD10-200
	6.2545
	No Comp
	7.521
	-
	8.6399
	-

	
	
	
	
	CPE
	7.1234
	0.8689
	7.8863
	1.6318

	

Test
1-5

	



22
	TDLA10-200
	12.0276
	No Comp
	14.7793
	-
	20
	-

	
	
	
	
	CPE
	13.5261
	1.4985
	15.5702
	3.54

	
	
	TDLA10-650
	12.7251
	No Comp
	15.4562
	-
	21.4625
	-

	
	
	
	
	CPE
	14.1746
	1.4495
	16.1848
	3.4597

	
	
	TDLA20-200
	12.1082
	No Comp
	14.967
	-
	21.5139
	-

	
	
	
	
	CPE
	13.6848
	1.5766
	15.9324
	3.8242

	
	
	TDLA20-650
	12.7617
	No Comp
	15.6086
	-
	NaN
	-

	
	
	
	
	CPE
	14.2801
	1.5184
	16.4653
	3.7036

	
	
	TDLD10-200
	8.1849
	No Comp
	10.6297
	-
	14.0672
	-

	
	
	
	
	CPE
	9.5798
	1.3949
	11.3984
	3.2135



Observation 4: Referring to Table 1.2, when considering SCS/CBW = 120 KHz/100 MHz and moderate/high MCS (17, 20 and 22), D1 remains below 1 dB for MCS = 17 and 20, showing that MCS 20 is achievable under TDLA10/20-200 and TDLD10-200 channel models, while considering the CPE compensation only (considering PN model Set 1).
2.2.2 SCS/CBW = 120 KHz/400 MHz results

As per Observation 2, for high PRB allocation (264), we assess CPE+ICI compensation and provide D1 and D2 values when considering moderate and high MCS under TDLA10/20-200/650 and TDLD10-200 channel models. The results have been gathered in Table 2.1.
Table 2.1 - Reference SNR values whether PN has been considered or not for SCS 120 KHz/ CBW 400 MHz for moderate and high MCS (17, 20 and 22).
	
	CBW (MHz) / SCS (KHz) = 400/120 (264 PRBs)
	PN @ RX (UE) only

	Test case
	MCS

	Propagation condition
	NO PN
SNR0 (dB) @ 70% Max                           
Throughput
	PN compensa-tion
	SNR1 (dB) @
70% Max                      Throughput
	D1 (dB)
	SNR2 (dB) @
70% Max                      Throughput
	D2 (dB)

	








Test
2-1

	









17
	
TDLA10-200
	
7.9301
	No Comp
	8.9087
	-
	9.8865
	-

	
	
	
	
	CPE
	8.5804
	-
	9.2112
	-

	
	
	
	
	ICI, u = 1
	8.57
	-
	8.8795
	-

	
	
	
	
	ICI, u = 2
	8.5951
	0.665
	8.7684
	0.8383

	
	
	
TDLA10-650
	
8.4577
	No Comp
	9.3352
	-
	10.4423
	-

	
	
	
	
	CPE
	9.0403
	-
	9.619
	-

	
	
	
	
	ICI, u = 1
	9.0552
	-
	9.3052
	-

	
	
	
	
	ICI, u = 2
	9.0435
	0.5858
	9.2243
	0.7666

	
	
	
TDLA20-200
	
7.906
	No Comp
	8.9752
	-
	9.9191
	-

	
	
	
	
	CPE
	8.513
	-
	9.2073
	-

	
	
	
	
	ICI, u = 1
	8.5102
	-
	8.8428
	-

	
	
	
	
	ICI, u = 2
	8.5233
	0.6173
	8.733
	0.827

	
	
	
TDLA20-650
	
8.3661
	No Comp
	9.3318
	-
	10.4908
	-

	
	
	
	
	CPE
	9.00
	-
	9.6013
	-

	
	
	
	
	ICI, u = 1
	8.9847
	-
	9.2641
	-

	
	
	
	
	ICI, u = 2
	9.0095
	0.6434
	9.1617
	0.7956

	
	
	
TDLD10-200
	
4.0634
	No Comp
	4.9596
	-
	5.7799
	-

	
	
	
	
	CPE
	4.5691
	-
	5.2208
	-

	
	
	
	
	ICI, u = 1
	4.5581
	-
	4.862
	-

	
	
	
	
	ICI, u = 2
	4.5932
	0.5298
	4.7291
	0.6657

	







Test
2-2

	








20
	
TDLA10-200
	
10.4857
	No Comp
	12.5289
	-
	16.4167
	-

	
	
	
	
	CPE
	11.4961
	1.0104
	13.2055
	-

	
	
	
	
	ICI, u = 1
	11.3993
	-
	12.119
	-

	
	
	
	
	ICI, u = 2
	11.3779
	0.8922
	11.7061
	1.2204

	
	
	
TDLA10-650
	
11.0328
	No Comp
	13.0253
	-
	17.5259
	-

	
	
	
	
	CPE
	12.0655
	1.0327
	13.568
	-

	
	
	
	
	ICI, u = 1
	11.9287
	-
	12.5591
	-

	
	
	
	
	ICI, u = 2
	11.9099
	0.8771
	12.2034
	1.1706

	
	
	
TDLA20-200
	
10.5014
	No Comp
	12.6564
	-
	16.9043
	-

	
	
	
	
	CPE
	11.5499
	1.0485
	13.3562
	-

	
	
	
	
	ICI, u = 1
	11.4526
	-
	12.1851
	-

	
	
	
	
	ICI, u = 2
	11.4352
	0.9338
	11.7418
	1.2404

	
	
	
TDLA20-650
	
11.0435
	No Comp
	13.0079
	-
	NAN
	-

	
	
	
	
	CPE
	12.0593
	1.0158
	13.6736
	-

	
	
	
	
	ICI, u = 1
	11.9747
	-
	12.5882
	-

	
	
	
	
	ICI, u = 2
	11.9332
	0.8897
	12.2432
	1.1997

	
	
	
TDLD10-200
	
6.3135
	No Comp
	8.1687
	-
	10.6743
	-

	
	
	
	
	CPE
	7.2806
	0.9671
	8.7606
	-

	
	
	
	
	ICI, u = 1
	7.2132
	-
	7.8459
	-

	
	
	
	
	ICI, u = 2
	7.1985
	0.885
	7.5052
	1.1917

	





Test
2-3

	






22
	
TDLA10-200
	
12.7996
	No Comp
	17.1277
	-
	NAN
	-

	
	
	
	
	CPE
	14.4798
	-
	19.0793
	-

	
	
	
	
	ICI, u = 1
	14.208
	-
	15.6796
	-

	
	
	
	
	ICI, u = 2
	14.106
	1.3064
	14.7316
	1.932

	
	
	
TDLA10-650
	
13.3778
	No Comp
	17.5385
	-
	NAN
	-

	
	
	
	
	CPE
	15.0634
	-
	19.5067
	-

	
	
	
	
	ICI, u = 1
	14.7978
	-
	16.0996
	-

	
	
	
	
	ICI, u = 2
	14.6798
	1.302
	15.2649
	1.8871

	
	
	
TDLA20-200
	
12.7935
	No Comp
	17.1544
	-
	NAN
	-

	
	
	
	
	CPE
	14.5402
	-
	19.8919
	-

	
	
	
	
	ICI, u = 1
	14.2795
	-
	15.8701
	-

	
	
	
	
	ICI, u = 2
	14.1842
	1.3907
	14.913
	2.1195

	
	
	
TDLA20-650
	
13.3122
	No Comp
	17.6844
	-
	NAN
	-

	
	
	
	
	CPE
	15.0393
	-
	20.2222
	-

	
	
	
	
	ICI, u = 1
	14.7373
	-
	16.202
	-

	
	
	
	
	ICI, u = 2
	14.6418
	1.3296
	15.2467
	1.9345

	
	
	
TDLD10-200
	
8.2215
	No Comp
	11.8651
	-
	NAN
	-

	
	
	
	
	CPE
	9.8837
	-
	13.7187
	-

	
	
	
	
	ICI, u = 1
	9.6182
	-
	11.0052
	-

	
	
	
	
	ICI, u = 2
	9.5342
	1.3127
	10.2682
	2.0467



In this case, when 264 RBs have been used, Table 2.1 shows that the ICI compensation boosted the performance by reducing the needed SNR (dB) to achieve 70% of the peak throughput. 

Observation 5: Referring to Table 2.1, when considering SCS/CBW = 120 KHz/400 MHz and moderate/high MCS (17, 20 and 22), D1 remains below 1 dB for MCS = 17 and 20, showing that MCS 20 became only achievable under TDLA10/20 – 200/650 channel models when considering the ICI compensation (using PN model Set 1). However, neither of these high MCS are testable using 264 PRBs (since the reference SNR0 threshold is at [-0.6] dB).

2.2.3 SCS/CBW = 480 KHz/400 MHz results

Following same arguments as in Section 2.2.1 (since the PRB number is 66), the results have been gathered in Tables 3.1 and 3.2. It is worth mentioning here that we limit the max Doppler frequency to 200 Hz, since 480 KHz SCS is mainly for indoor environments. It is worth that the Reference SNR0 threshold is at [-0.6] dB.

Table 3.1 - Reference SNR values whether PN has been considered or not for SCS 480 KHz/ CBW 400 MHz for low MCS (4 and 13).
	
	CBW (MHz) / SCS (KHz) = 400/480 (66 PRBs)
	PN @ RX (UE) only

	Test case
	MCS

	Propagation condition
	NO PN
SNR0 (dB) @ 70% Max                           
Throughput
	PN compensa-tion
	SNR1 (dB) @
70% Max                      Throughput
	D1 (dB)
	SNR2 (dB) @
70% Max                      Throughput
	D2 (dB)

	

Test
1-1

	


4
	TDLA10-200
	-3.3065
	No Comp
	-3.1847
	-
	-3.1177
	-

	
	
	
	
	CPE
	-3.0909
	0.2156
	-3.0569
	0.2496

	
	
	TDLA20-200
	-3.0668
	No Comp
	-2.9629
	-
	-2.8863
	-

	
	
	
	
	CPE
	-2.8579
	0.2089
	-2.8648
	0.202

	
	
	TDLD10-200
	-7.2689
	No Comp
	-7.1634.
	-
	-7.0631
	-

	
	
	
	
	CPE
	-7.0474
	0.2215
	-7.0448
	0.2241

	
Test
1-2

	


13
	TDLA10-200
	4.4287
	No Comp
	4.8377
	-
	5.2791
	-

	
	
	
	
	CPE
	4.7345
	0.3058
	4.7718
	0.3431

	
	
	TDLA20-200
	4.6302
	No Comp
	5.0419
	-
	5.4957
	-

	
	
	
	
	CPE
	4.9283
	0.2981
	4.9812
	0.351

	
	
	TDLD10-200
	0.5299
	No Comp
	0.9066
	-
	1.3013
	-

	
	
	
	
	CPE
	0.8204
	0.2905
	0.8781
	0.3482



Observation 6: Considering SCS 480 KHz/ CBW 400 MHz leads to the same conclusion as per Observation 3, that CPE compensation only is enough under TDLA10/20-200 and TDLD10-200 channel models for low MCS (4 and possibly 9).

Table 3.2 - Reference SNR values whether PN has been considered or not for SCS 480 KHz/ CBW 400 MHz for moderate and high MCS (17, 20 and 22).
	
	CBW (MHz) / SCS (KHz) = 400/480 (66 PRBs)
	PN @ RX (UE) only

	Test case
	MCS

	Propagation condition
	NO PN
SNR0 (dB) @ 70% Max                           
Throughput
	PN compensa-tion
	SNR1 (dB) @
70% Max                      Throughput
	D1 (dB)
	SNR2 (dB) @
70% Max                      Throughput
	D2 (dB)

	

Test
1-3

	

17
	TDLA10-200
	7.6773
	No Comp
	8.5722
	-
	9.6883
	-

	
	
	
	
	CPE
	8.2322
	0.5549
	8.3948
	0.7175

	
	
	TDLA20-200
	7.7596
	No Comp
	8.6748
	-
	9.8495
	-

	
	
	
	
	CPE
	8.3114
	0.5518
	8.4691
	0.7095

	
	
	TDLD10-200
	3.9846
	No Comp
	4.6926
	-
	5.5218
	-

	
	
	
	
	CPE
	4.4474
	0.4628
	4.5756
	0.591

	

Test
1-4

	

20
	TDLA10-200
	10.0518
	No Comp
	11.8573
	-
	15.6983
	-

	
	
	
	
	CPE
	10.9436
	0.8918
	11.3527
	1.3009

	
	
	TDLA20-200
	10.0697
	No Comp
	12.0252
	-
	NAN
	-

	
	
	
	
	CPE
	11.0418
	0.9721
	11.4411
	1.3714

	
	
	TDLD10-200
	6.2438
	No Comp
	7.7153
	-
	17.8407
	-

	
	
	
	
	CPE
	7.0882
	0.8444
	7.3819
	1.1381

	

Test
1-5

	

22
	TDLA10-200
	12.11
	No Comp
	15.8044
	-
	NAN
	-

	
	
	
	
	CPE
	13.6498
	1.5398
	14.5723
	2.4623

	
	
	TDLA20-200
	12.1732
	No Comp
	16.2242
	-
	NAN
	-

	
	
	
	
	CPE
	13.7935
	1.6203
	14.7736
	2.6004

	
	
	TDLD10-200
	8.2423
	No Comp
	11.1815
	-
	NAN
	-

	
	
	
	
	CPE
	9.6329
	1.3906
	10.3107
	2.0684



Observation 7: Referring to Table 3.2, when considering SCS/CBW = 480 KHz/400 MHz and moderate/high MCS (17, 20 and 22), same conclusions as in Observation 4 can be drawn that D1 remains below 1 dB for MCS = 17 and 20, showing that MCS 20 is achievable under TDLA10/20-200 and TDLD10-200 channel models, while considering the CPE compensation only (considering PN model Set 1). However, these reference SNRs are not testable. The PRB allocation should be reduced to test higher MCS (13 and 17).

Observation 8: As a general conclusion, when considering a low PRB number (66), we could achieve MCS 13 and 17 when considering CPE compensation only under TDLD10-200 channel model.
 
2.2.4 SCS/CBW = 480 KHz/800 MHz results

Following same arguments as in Section 2.2.2, for a higher PRB number, we assess the ICI compensation effect on the achievable results when considering moderate or high MCS. 

Table 4.1 - Reference SNR values whether PN has been considered or not for SCS 480 KHz/ CBW 800 MHz for moderate and high MCS (17, 20 and 22).
	
	CBW (MHz) / SCS (KHz) = 800/480 (124 PRBs)
	PN @ RX (UE) only

	Test case
	MCS

	Propagation condition
	NO PN
SNR0 (dB) @ 70% Max                           
Throughput
	PN compensa-tion
	SNR1 (dB) @
70% Max                      Throughput
	D1 (dB)
	SNR2 (dB) @
70% Max                      Throughput
	D2 (dB)

	




Test
4-1

	




17
	
TDLA10-200
	
7.612
	No Comp
	8.7023
	-
	10.403
	-

	
	
	
	
	CPE
	8.1701
	-
	8.405
	-

	
	
	
	
	ICI, u = 1
	8.194
	-
	8.2179
	-

	
	
	
	
	ICI, u = 2
	G8.295
	0.683
	8.3022
	0.6902

	
	
	
TDLA20-200
	
7.8105
	No Comp
	8.9699
	-
	10.7957
	-

	
	
	
	
	CPE
	8.4173
	-
	8.6705
	-

	
	
	
	
	ICI, u = 1
	8.4617
	-
	8.4663
	-

	
	
	
	
	ICI, u = 2
	8.5531
	0.7426
	8.5559
	0.7454

	
	
	
TDLD10-200
	
3.9347
	No Comp
	4.8243
	-
	5.9852
	-

	
	
	
	
	CPE
	4.4343
	-
	4.6246
	-

	
	
	
	
	ICI, u = 1
	4.4718
	-
	4.494
	-

	
	
	
	
	ICI, u = 2
	4.5712
	0.6365
	4.586
	0.6513

	




Test
4-2

	




20
	
TDLA10-200
	
9.992
	No Comp
	12.253
	-
	NAN
	-

	
	
	
	
	CPE
	10.9991
	1.0071
	11.5701
	-

	
	
	
	
	ICI, u = 1
	10.8459
	-
	10.8877
	-

	
	
	
	
	ICI, u = 2
	10.8845
	0.8925
	10.9123
	0.9203

	
	
	
TDLA20-200
	
10.1913
	No Comp
	12.6479
	-
	NAN
	-

	
	
	
	
	CPE
	11.2364
	1.0451
	11.8758
	-

	
	
	
	
	ICI, u = 1
	11.0832
	-
	11.1342
	-

	
	
	
	
	ICI, u = 2
	11.1084
	0.9171
	11.1599
	0.9686

	
	
	
TDLD10-200
	
6.2089
	No Comp
	8.0052
	-
	NAN
	-

	
	
	
	
	CPE
	7.1008
	-
	7.5273
	-

	
	
	
	
	ICI, u = 1
	7.0182
	-
	7.0763
	-

	
	
	
	
	ICI, u = 2
	7.0555
	0.8466
	7.0871
	0.8782

	




Test
4-3

	




22
	
TDLA10-200
	
12.2911
	No Comp
	17.2905
	-
	NAN
	-

	
	
	
	
	CPE
	14.1182
	-
	15.5237
	-

	
	
	
	
	ICI, u = 1
	13.5965
	-
	13.7359
	-

	
	
	
	
	ICI, u = 2
	13.5134
	1.2223
	13.6124
	1.3213

	
	
	
TDLA20-200
	
12.4583
	No Comp
	18.1485
	-
	NAN
	-

	
	
	
	
	CPE
	14.3695
	-
	15.9886
	-

	
	
	
	
	ICI, u = 1
	13.8517
	-
	14.0058
	-

	
	
	
	
	ICI, u = 2
	13.7312
	1.2729
	13.8684
	1.4101

	
	
	
TDLD10-200
	
8.2942
	No Comp
	12.1936
	-
	NAN
	-

	
	
	
	
	CPE
	9.9512
	-
	10.9943
	-

	
	
	
	
	ICI, u = 1
	9.5649
	-
	9.6372
	-

	
	
	
	
	ICI, u = 2
	9.4974
	1.2032
	9.5661
	1.2719



In this case, when 124 RBs have been used, Table 4.1 shows that the ICI compensation boosted the performance by reducing the needed SNR (dB) to achieve 70% of the peak throughput under TDLA10/20-200 channel models. 

Observation 9: Referring to Table 4.1, when considering SCS/CBW = 480 KHz/800 MHz and moderate/high MCS (17, 20 and 22), both D1 and D2 remain below 1 dB for MCS = 17 and 20, showing that MCS 20 became only achievable under TDLA10/20 – 200 channel models when considering the ICI compensation. However, all these reference SNRs could not be tested.

2.2.5 Reference SNRs at 30% of the peak Throughput

In this section, we evaluate the reference SNRs at 30% of the peak throughput for both 120 KHz and 480 KHz SCS considering low PRB number (66) and MCS 13. For 120 KHz SCS, we consider TDLA10/20-200/650 channel models, while TDLA10/20-200 and TDLD10-200 are considered for 480 KHz SCS. The results have been gathered in Tables 5.1 and 5.2 where CPE compensation only was used.

[bookmark: _Hlk110469275]Table 5.1 - Reference SNR values whether PN has been considered or not for SCS 120 KHz/ CBW 100 MHz for MCS 13.
	
	CBW (MHz) / SCS (KHz) = 100/120  (66 PRBs)
	PN @ RX (UE) only

	Test case
	MCS

	Propagation condition
	NO PN
SNR0 (dB) @ 30% Max                           
Throughput
	PN compensa-tion
	SNR1 (dB) @
30% Max                      Throughput
	D1 (dB)
	SNR2 (dB) @
30% Max                      Throughput
	D2 (dB)

	

Test
5-1

	


13
	TDLA10-200
	-1.0809
	No Comp
	-0.9667
	-
	-
	-

	
	
	
	
	CPE
	-0.8869
	0.194
	-0.8324
	0.2485

	
	
	TDLA10-650
	-1.6556
	No Comp
	-1.4974
	-
	-
	-

	
	
	
	
	CPE
	-1.4115
	0.2441
	-1.3575
	0.2981

	
	
	TDLA20-200
	-1.1303
	No Comp
	-0.9820
	-
	
	-

	
	
	
	
	CPE
	-0.9177
	0.2126
	-0.8309
	0.2994

	
	
	TDLA20-650
	-1.5545
	No Comp
	-1.3971
	-
	-
	-

	
	
	
	
	CPE
	-1.3389
	0.2156
	-1.2656
	0.2889



Table 5.2 - Reference SNR values whether PN has been considered or not for SCS 480 KHz/ CBW 400 MHz for MCS 13.
	
	CBW (MHz) / SCS (KHz) = 400/480  (66 PRBs)
	PN @ RX (UE) only

	Test case
	MCS

	Propagation condition
	NO PN
SNR0 (dB) @ 30% Max                           
Throughput
	PN compensa-tion
	SNR1 (dB) @
30% Max                      Throughput
	D1 (dB)
	SNR2 (dB) @
30% Max                      Throughput
	D2 (dB)

	

Test
5-2

	

13
	TDLA10-200
	-0.9102
	No Comp
	-0.7603
	-
	-
	-

	
	
	
	
	CPE
	-0.6890
	0.2212
	-0.6795
	0.2307

	
	
	TDLA20-200
	-0.8621
	No Comp
	-0.6920
	-
	-
	-

	
	
	
	
	CPE
	-0.6525
	0.2096
	-0.6265
	0.2356

	
	
	TDLD10-200
	-4.9622
	No Comp
	-4.8423
	-
	-
	-

	
	
	
	
	CPE
	-4.7857
	0.1765
	-4.7769
	0.1853



Observation 10: Referring to Tables 5.1 and 5.2, when considering performance metric at 30% of the peak throughput, both D1 and D2 remain below 1 dB when considering low PRB number and low MCS under TDLA10/20-200/650 and TDLD10-200 channel models, showing that the CPE compensation is enough.
3	Summary

In this paper, we provided some initial simulation results that should help in the definition of the PDSCH requirements. In the following, some useful observations that can be further discussed.
Observation 1: Low MCS is less susceptible to phase rotation error. Consequently, only CPE compensation will be applied.

Observation 2: For moderate/high MCS and large PRB number allocation, the companies are encouraged to consider ICI compensation techniques while keeping same Rel-15 PTRS pattern.

Observation 3: Referring to Table 1.1, when considering SCS/CBW = 120 KHz/100 MHz and low MCS (4 and 13), both D1 and D2 remain below 1 dB showing that the CPE compensation is enough when considering TDLA10/20 – 200/650.

Observation 4: Referring to Table 1.2, when considering SCS/CBW = 120 KHz/100 MHz and moderate/high MCS (17, 20 and 22), D1 remains below 1 dB for MCS = 17 and 20, showing that MCS 20 is achievable under TDLA10/20-200 and TDLD10-200 channel models, while considering the CPE compensation only (considering PN model Set 1).

Observation 5: Referring to Table 2.1, when considering SCS/CBW = 120 KHz/400 MHz and moderate/high MCS (17, 20 and 22), D1 remains below 1 dB for MCS = 17 and 20, showing that MCS 20 became only achievable under TDLA10/20 – 200/650 channel models when considering the ICI compensation (using PN model Set 1). However, neither of these high MCS are testable using 264 PRBs (since the reference SNR0 threshold is at [-0.6] dB).

Observation 6: Considering SCS 480 KHz/ CBW 400 MHz leads to the same conclusion as per Observation 3, that CPE compensation only is enough under TDLA10/20-200 and TDLD10-200 channel models for low MCS (4 and possibly 9).

Observation 7: Referring to Table 3.2, when considering SCS/CBW = 480 KHz/400 MHz and moderate/high MCS (17, 20 and 22), same conclusions as in Observation 4 can be drawn that D1 remains below 1 dB for MCS = 17 and 20, showing that MCS 20 is achievable under TDLA10/20-200 and TDLD10-200 channel models, while considering the CPE compensation only (considering PN model Set 1). However, these reference SNRs are not testable. The PRB allocation should be reduced to test higher MCS (13 and 17).

Observation 8: As a general conclusion, when considering a low PRB number (66), we could achieve MCS 13 and 17 when considering CPE compensation only under TDLD10-200 channel model.

Observation 9: Referring to Table 4.1, when considering SCS/CBW = 480 KHz/800 MHz and moderate/high MCS (17, 20 and 22), both D1 and D2 remain below 1 dB for MCS = 17 and 20, showing that MCS 20 became only achievable under TDLA10/20 – 200 channel models when considering the ICI compensation. However, all these reference SNRs could not be tested.

Observation 10: Referring to Tables 5.1 and 5.2, when considering performance metric at 30% of the peak throughput, both D1 and D2 remain below 1 dB when considering low PRB number and low MCS under TDLA10/20-200/650 and TDLD10-200 channel models, showing that the CPE compensation is enough.
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Appendix	Simulation assumption
A.1	Test Parameters as per WF [1]
Issue 2-1-14: Test Cases
Initial list of test cases for simulation results in the next meeting is given below as a starting point. Agree on final list of test cases in the next meeting based on simulation results, considering testability and minimize the number of test cases.
Below list was used for initial simulation purpose to align the simulation assumption. 
RAN4 not deicide the final test case list which subject to further discussion and it’s not precluded to specify requirements for the configurations which not captured in current list. 
	CBW(MHz) / SCS (kHz)
	MCS/Rank
	Channel Model
	Antenna Configuration and Correlation Matrix
	% of peak thpt

	100/120
	MCS4/Rank1
	TDLA10-200
	2x2 ULA Low
	70

	100/120
	MCS4/Rank1
	TDLA10-650
	2x2 ULA Low
	70

	100/120
	MCS13/Rank1
	TDLA10-200
	2x2 ULA Low
	70

	100/120
	MCS13/Rank2
	TDLD10-200
	2x2 ULA Low
	70

	100/120
	MCS17/Rank1
	TDLD10-200
	2x2 ULA Low
	70

	400/480
	MCS4/Rank1
	TDLA10-200
	2x2 ULA Low
	70

	400/480
	MCS4/Rank1
	TDLA10-650
	2x2 ULA Low
	70

	400/480
	MCS13/Rank1
	TDLA10-200
	2x2 ULA Low
	70

	400/480
	MCS13/Rank2
	TDLD10-200
	2x2 ULA Low
	70

	400/480
	MCS17/Rank1
	TDLD10-200
	2x2 ULA Low
	70

	400/120 (Note 2)
	MCS20/Rank1
	TDLA10-200
	2x2 ULA Low
	70

	Note 1: Interested companies can provide simulation results for other cases not included in above table, as needed.
Note 2: This case was added for PN impact and test ability analysis. 
Note 3: MCS level not decided yet which can be further updated. 
Note 4: 960kHz SCS not decided yet which can be added pending on further discussion 



Issue 2-1-15: Other Parameters
Initial simulation assumptions for parameters not discussed above are provided in the below table, so that companies can bring simulation results in the next meeting. Those assumptions can be revisited in the next meeting, if any issues are found.
	Assumptions
	Value

	Carrier Frequency [GHz]
	70 GHz

	UE PN Model
	Up to UE implementation

	[bookmark: _Hlk104213247]Pre-loaded Tx EVM
	6%

	Additive Rx EVM
	0%

	Other Parameters
	Same as FR2-1
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