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1	Introduction
In this paper and based on the progress summarized in WF [1], we update our 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. 
	Agreement on PDSCH Requirement Table
	SCS (KHz)/ CBW (MHz)
	MCS
	Propagation Channel
	Antenna Conf.
	Throughput
	Num PRB

	120kHz/100MHz
	MCS4
	TDLA30-650
	2x2 Low
	70%
	66

	
	MCS13
	TDLA30-200
	2x2 Low
	70%
	66

	
	MCS13
	TDLA30-650
	2x2 Low
	30%
	66

	
	MCS17
	TDLD30-200
	2x2 Low
	70%
	[66, 32]

	480kHz/400MHz
	MCS4
	 TDLA10-200
	2x2 Low
	70%
	66

	
	MCS13
	 TDLD10-200
	2x2 Low
	70%
	[20,32]



Agreeable Extended maximum Testable SNR for reduced allocation
	
	CBW (MHz)
	Num RBs
	Test method

	
	
	
	IFF

	Single band UE

	100
	66
	[9.8]

	
	
	[32]
	[13.2]

	
	400
	66
	[2.6]

	
	
	[32]
	[6.6]

	
	
	[20]
	[8.9]






2	PDSCH Simulation Results
2.1 Simulation setup
As per WF [1], we carried out simulations using the agreed propagation environments. 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 PRBs and [32] PRBs).
· SCS = 480 KHz, CBW = 400 MHz (66 PRB and [20, 32] PRB).
· MCS 4, 13, and 17
· 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
We summarize the parameters above in the following table
70% Peak Throughput
	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 30 ns delay spread) 
TDLD (10 ns and 30 ns delay spread)

	Antenna configuration
	2x2 ULA Low

	Velocity
	3 km/h, 10 km/h

	PA Model
	None

	gNB PN Model
	None

	UE PN Model
	 Up to UE implementation

	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
	2 DMRS symbols at (2,11) symbol index

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

	MCS/TBS
	From MCS Table 1 (TS38.214): Up to MCS 20 (64QAM).

	NOH
	6

	Number of HARQ Processes
	8 for 120kHz and 16 for 480kHz SCS



30% Peak throughput
	Assumptions
	Value

	Carrier Frequency [GHz]
	70 GHz

	Subcarrier Spacing [KHz]
	120 KHz

	Waveform
	CP-OFDM

	CP Type
	Normal CP

	Channel Model
	TDLA (30 ns delay spread) 

	Antenna configuration
	2x2 ULA Low

	Velocity
	3 km/h, 10 km/h

	PA Model
	None

	gNB PN Model
	None

	UE PN Model
	 Up to UE implementation

	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
	2 DMRS symbols at (2,11) symbol index

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

	MCS/TBS
	From MCS Table 1 (TS38.214): MCS 13

	NOH
	6

	Number of HARQ Processes
	16


	
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 considering the PRB number allocation, we only apply CPE compensation. In the sequel, we present the simulation setup tables that we have used.
Test cases:
1. CBW (MHz)/SCS (KHz) = 100/120, TDLA30-200/650 and TDLD30-200, 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
1-1
	70

	100/120
(66)
	4
	1
	TDLA30-650

	CPE

	2x2 ULA 
Low
	TBD
	TBD

	Test
1-2
	70
	100/ 120
(66)
	13
	1
	TDLA30-200
	CPE

	2x2 ULA 
Low
	
	

	Test
1-3
	70
	100/ 120
(66)
	17
	1
	TDLD30-200
	CPE
	2x2 ULA 
Low
	
	

	Test
1-4
	70
	100/ 120
(32)
	17
	1
	TDLD30-200
	CPE
	2x2 ULA 
Low
	
	



2. CBW (MHz)/SCS (KHz) = 400/480, TDLA10-200 and 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
2-1
	70

	400/480
(66)
	4
	1
	TDLA10-200

	CPE

	2x2 ULA 
Low
	TBD
	TBD

	Test
2-2
	70
	400/480
(20)
	13
	1
	TDLD10-200
	CPE

	2x2 ULA 
Low
	
	

	Test
2-3
	70
	400/480
(32)
	13
	1
	TDLD10-200
	CPE
	2x2 ULA 
Low
	
	



3. Metric 30% Peak Throughput, HARQ processes: 16
	Test case
	fc 
(GHz)
	CBW/SCS
(PRB)
	MCS
	Rank
	Propagation condition
	PN compensation
	Antenna config
	SNR @ 30 Peak Throughput

	
	
	
	
	
	
	
	
	SNR1
(Set 1)
	SNR2 
(Set 2)

	Test
3-1
	70

	100/120
(66)
	13
	1
	TDLA30-650

	CPE

	2x2 ULA 
Low
	TBD
	TBD



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,
2-1, 2-2, 2-3.


	30% of peak Throughput
	Verify the PDSCH mapping Type A HARQ soft combining performance under 2 receive antenna conditions.
	3-1



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 CPE compensation output and the NO PN case. 
For 120 KHz SCS and 100 MHz CBW, Table 1.1 gathers the results where 66 PRBs have been allocated and MCS (4, 13 and 17) have been considered where the max DL testable SNR level is at [9.8] dB as well as considering MCS 17 with partial PRB allocation [32], where the max DL testable SNR level is at [13.2] dB. 

Table 1.1 - Reference SNR values whether PN has been considered or not for SCS 120 KHz/ CBW 100 MHz for MCS (4, 13, and 17) and using 66 PRBs.
	
	CBW (MHz) / SCS (KHz) = 100/120
	PN @ RX (UE) only – CPE compensation

	Test case
	MCS
(PRB)
	Propagation condition
	NO PN
SNR0 (dB) @ 70% Max
Throughput
	SNR1 (dB) @
70% Max                      Throughput
	D1 (dB)
	SNR2 (dB) @
70% Max                      Throughput
	D2 (dB)

	Test
1-1
	4
(66)
	TDLA30-650
	-3.1
	-2.9
	0.2
	-2.8
	0.3

	Test
1-2
	13
(66)
	TDLA30-200
	4.5
	4.8
	0.3
	5.1
	0.6

	Test
-3
	17
(66)
	TDLD30-200
	4.2
	4.7
	0.5
	5.1
	0.9

	Test
1-4
	17
(32)
	TDLD30-200
	4.0
	4.6
	0.6
	5.0
	1.0



Observation 1: Referring to Table 1.1, and considering SCS/CBW = 120 KHz/100 MHz with full PRB allocation for MCS (4, 13 and 17) and CPE for PN compensation, we note that
· MCS 4, MCS 13 and MCS 17 are testable using full RB allocation under the agreed propagation environments and considering a margin of 3 dB for RF impairments. 

2.2.2 SCS/CBW = 480 KHz/400 MHz results

Following same arguments as in Section 2.2.1, the results have been gathered in Tables 2.1 where both the full and partial PBR allocation have been considered. It is worth mentioning here the max DL testable SNR is at [2.6] dB when 66 RBs have been considered, while the max DL testable SNRs are at [8.9] dB and [6.6] dB, when considering 20 RBs and 32 RBs, respectively.

Table 2.1 - 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
	PN @ RX (UE) only – CPE compensation

	Test case
	MCS
(PRB)
	Propagation condition
	NO PN
SNR0 (dB) @ 70% Max
Throughput
	SNR1 (dB) @
70% Max                      Throughput
	D1 (dB)
	SNR2 (dB) @
70% Max                      Throughput
	D2 (dB)

	Test
2-1
	4
(66)
	TDLA10-200
	-3.1
	-2.9
	0.2
	-2.8
	0.3

	Test
2-2
	13
(20)
	TDLD10-200
	0.4
	0.7
	0.3
	0.8
	0.4

	Test
2-3
	13
(32)
	TDLD10-200
	0.6
	1.0
	0.4
	1.0
	0.4



Observation 2: Referring to Table 2.1, and considering SCS/CBW = 480 KHz/400 MHz with full and partial PRB allocation for MCS 4 and 13, respectively, with CPE for PN compensation, we note that
· MCS 4 is testable using full RB allocation under TDLA10-200 and considering a margin of 3 dB for RF impairments.
· MCS 13 is testable using partial RB allocation of 32 under TDLD10-200 and considering a margin of 3 dB for RF impairments.

Observation 3: As a general conclusion, the max MCS that satisfy the following criteria: Performance degradation due to PN is less than 1 dB with CPE compensation and considering an additional margin of 3 dB for RF impairments are 
· 120 KHz/100 MHz: MCS 17 with full RB allocation under TDLD30-200
· 480 KHz/400 MHz: MCS 13 with partial RB allocation of 32 under TDLD10-200

2.2.3 Reference SNRs at 30% of the peak Throughput

In this section, we evaluate the reference SNRs at 30% of the peak throughput for 120 kHz SCS considering MCS 13 and full PRB allocation (66). The results have been gathered in Tables 3.1 where CPE compensation only was used.

[bookmark: _Hlk110469275]Table 3.1 - 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
	PN @ RX (UE) only – CPE compensation

	Test case
	MCS
(PRB)
	Propagation condition
	NO PN
SNR0 (dB) @ 30% Max
Throughput
	SNR1 (dB) @
30% Max                      Throughput
	D1 (dB)
	SNR2 (dB) @
30% Max                      Throughput
	D2 (dB)

	Test
3-1
	13
(66)
	TDLA30-650
	-1.4
	-1.3
	0.1
	-1.2
	0.2



Observation 4: Referring to Table 3.1, when considering performance metric at 30% of the peak throughput, for 120 KHz/100 MHz and 480 KHz/400 MHz using MCS 13, it has been noted that
· 120 kHz/100 MHz: MCS 13 is testable under TDLA30-650 at 30% of peak throughput using full RB allocation and considering a margin of 3 dB for RF impairments.
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: Referring to Table 1.1, and considering SCS/CBW = 120 KHz/100 MHz with full PRB allocation for MCS (4, 13 and 17) and CPE for PN compensation, we note that
MCS 4, MCS 13 and MCS 17 are testable using full RB allocation under the agreed propagation environments and considering a margin of 3 dB for RF impairments.

Observation 2: Referring to Table 2.1, and considering SCS/CBW = 480 KHz/400 MHz with full and partial PRB allocation for MCS 4 and 13, respectively, with CPE for PN compensation, we note that
· MCS 4 is testable using full RB allocation under TDLA10-200 and considering a margin of 3 dB for RF impairments.
· MCS 13 is testable using partial RB allocation of 32 under TDLD10-200 and considering a margin of 3 dB for RF impairments.

Observation 3: As a general conclusion, the max MCS that satisfy the following criteria: Performance degradation due to PN is less than 1 dB with CPE compensation are 
· 120 KHz/100 MHz: MCS 17 with full RB allocation under TDLD30-200
· 480 KHz/400 MHz: MCS 13 with partial RB allocation of 32 under TDLD10-200

Observation 4: Referring to Table 3.1, when considering performance metric at 30% of the peak throughput, for 120 KHz/100 MHz and 480 KHz/400 MHz using MCS 13, it has been noted that
· 120 kHz/100 MHz: MCS 13 is testable under TDLA30-650 at 30% of peak throughput using full RB allocation and considering a margin of 3 dB for RF impairments.
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Appendix	Simulation assumption
A.1	Propagation environments
Channel model tap delay resolution 
· Delay resolution: 5ns for below or equal to 200MHz CBW, 2ns for above 200MHz CBW
· [Maximum Number of Taps]: 12 taps for CBW smaller than 200MHz and 16 taps for CBW larger  than 200MHz;
· Adopt channel model according to the channel bandwidth as: 
	SCS [kHz]
	CBW [MHz]
	Applicable channel models 
	Tap resolution [ns]
	[Maximum Number of Taps]

	120
	100
	TDLA30-650
TDLD30-200
	5
	12

	120
480
[960]
	≥400
	TDLA10-650
TDLD10-200
	2
	16



Companies can bring simulation results based on following simplified TDL model:
Table 1.1 Simplified TDLA10 model (16 taps, 2ns resolution)
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-16.1
	Rayleigh

	2
	4
	0
	Rayleigh

	3
	6
	-4
	Rayleigh

	4
	8
	-10.2
	Rayleigh

	5
	16
	-18.6
	Rayleigh

	6
	18
	-9.3
	Rayleigh

	7
	22
	-13.7
	Rayleigh

	8
	24
	-17.9
	Rayleigh

	9
	26
	-13.5
	Rayleigh

	10
	30
	-14
	Rayleigh

	11
	40
	-15.4
	Rayleigh

	12
	44
	-18.9
	Rayleigh

	13
	46
	-21.0
	Rayleigh

	14
	48
	-21.6
	Rayleigh

	15
	50
	-19.3
	Rayleigh

	16
	96
	-25.9
	Rayleigh



Table 1.2 Simplified TDLA30 model (12 taps, 5ns resolution)
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-15.5
	Rayleigh

	2
	10
	0
	Rayleigh

	3
	15
	-5.1
	Rayleigh

	4
	20
	-5.1
	Rayleigh

	5
	25
	-9.6
	Rayleigh

	6
	50
	-8.2
	Rayleigh

	7
	65
	-13.1
	Rayleigh

	 8
	75
	-11.5
	Rayleigh

	9
	105
	-11.0
	Rayleigh

	10
	135
	-16.2
	Rayleigh

	11
	150
	-16.6
	Rayleigh

	12
	290
	-26.2
	Rayleigh



Table 1.3 Simplified TDLD10 model (10 taps, 2ns resolution)
	Tap #
	2ns resolution
	Fading distribution

	
	Delay [ns]
	Power [dB]
	

	1
	0
	-0.2
	LOS

	
	0
	-12.4
	Rayleigh

	2
	6
	-21.1
	Rayleigh

	3
	14
	-16.7
	Rayleigh

	4
	18
	-18.3
	Rayleigh

	5
	26
	-22
	Rayleigh

	6
	40
	-27.9
	Rayleigh

	7
	80
	-23.7
	Rayleigh

	8
	94
	-24.9
	Rayleigh

	9
	98
	-30.0
	Rayleigh

	10
	126
	-27.7
	Rayleigh

	Note 1:	Tap #1 follows a Ricean distribution.



Table 1.4 Simplified TDLD30 model (10 taps, 5ns resolution)
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-0.2
	LOS path

	
	0
	-12.4
	Rayleigh

	2
	20
	-21
	Rayleigh

	3
	40
	-16.7
	Rayleigh

	4
	55
	-18.3
	Rayleigh

	5
	80
	-21.9
	Rayleigh

	6
	120
	-27.8
	Rayleigh

	7
	240
	-23.6
	Rayleigh

	 8
	285
	-24.8
	Rayleigh

	9
	290
	-30.0
	Rayleigh

	10
	375
	-27.6
	Rayleigh

	Note 1:	Tap #1 follows a Ricean distribution.
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