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1	Introduction
In this paper, we present the simulation results to support our view on the SDR requirements in the 52.6 – 71 GHz band. It is worth mentioning that some prior agreements have been achieved in this item [1], and that the proposed results can present a good material for further discussions when defining the SDR requirements.
2	Simulation results and discussions
In this section, we present the simulation results following the SDR test steps as per TS 38.101-4 recommendations, where the purpose is to verify that the Layer 1 and Layer 2 correctly process in a sustained manner the received packets corresponding to the maximum data rate indicated by UE capabilities.
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).
· 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
· AWGN

· Phase noise at the UE receiver only
· Benchmark: No PN and No compensation
· CPE compensation only for low and moderate MCS, or low PRB allocation (66)
· CPE + ICI compensation (de-ICI filter of length 5 (u = 2)) for high MCS (starting MCS 14 while considering 264 RBs or 124 RBs) 
· Pre-loaded Tx EVM: 6%
· Additive Rx EVM: 0%
2.1	Simulation setup

According to TS38.101-4, the existing MCS index table has already covered the configuration applicable for UEs such as rank 1/2 and QPSK/16QAM/64QAM. RAN4 only need to evaluate the applicability rule for FR2-2 where rank 1 is supported as shown in Table 1 (based on MCS index Table in the Appendix, in clause 5.1.3.1 of TS 38.214).
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Summary of Test Cases
The TB success rate shall be higher than 85% when PDSCH is scheduled with MCS defined for the selected SCS/CBW. 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 length 5 (u = 2) will apply. In the sequel, we present the simulation setup table that we have used.
	Received antenna
	Maximum number of PDSCH MIMO layers
	Maximum modulation format
	Scaling factor
	MCS
	PN compensation

	
	
	
	
	
	PRB (66)
	PRB (124 or 264)

	



2Rx UE
	


1

	
6

	1
	27
	CPE only
	CPE+ICI (u=2)

	
	
	
	0.8
	23
	CPE only
	CPE+ICI (u=2)

	
	
	
	0.75
	22
	CPE only
	CPE+ICI (u=2)

	
	
	
	0.4
	14
	CPE only
	CPE+ICI (u=2)

	
	
	4

	1
	16
	CPE only
	CPE+ICI (u=2)

	
	
	
	0.4
	10
	CPE only
	CPE only

	
	
	2

	1
	9
	CPE only
	CPE only

	
	
	
	0.4
	4
	CPE only
	CPE only


2.2	Simulation results
We present the SDR performance in terms of normalized throughput as function of SNR (dB), where the reference SNRs correspond to 85% of the normalized throughput. SNR0 refers to the case when no PN applies, while SNR1 and SNR2 refer to the cases when PN Set 1 and Set 2 have been used, respectively.
2.2.1 SCS/CBW = 120 KHz/100 MHz results
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         (a) QPSK (MCS 4 and 9), CPE                   (b) 16QAM (MCS 10 and 16), CPE
[image: ] [image: ]
          (c) 64QAM (MCS 14), CPE                    (d) 64QAM (MCS 22), CPE
[image: ] [image: ]
         (e) 64QAM (MCS 23), CPE                         (f) 64QAM (MCS 27), CPE
Fig. 1 PDSCH simulation results depicting the normalized throughput as function of SNR to determine the practical MCS for SDR requirements when using 120 KHz/100 MHz (66 PRBs)

Fig. 1 depicts the PDSCH normalized throughput as function of the SNR according to parameters in Table 1 and using the PN compensation as per Table 2. The reference SNRs values, required to achieve 85% of PDSCH peak throughput under AWGN conditions, are summarized in the following table.

	Received antenna
	Max number of PDSCH MIMO layers
	Maximum modulation format
	Scaling factor
	MCS
	SNR0 (dB) @ 85% max Thpt
	SNR1 (dB) @ 85% max Thpt
	SNR2 (dB) @ 85% max Thpt

	


2Rx UE
	


1

	
6

	1
	27
	13.0
	18.0
	-

	
	
	
	0.8
	23
	8.6
	10.8
	13.5

	
	
	
	0.75
	22
	8.0
	9.6
	11.8

	
	
	
	0.4
	14
	1.25
	1.8
	1.6

	
	
	4

	1
	16
	2.9
	3.4
	3.7

	
	
	
	0.4
	10
	-2.1
	-1.8
	-1.7

	
	
	2

	1
	9
	-2.7
	-2.5
	-2.3

	
	
	
	0.4
	4
	-7.5
	-7.25
	-7.23



[bookmark: _Hlk101358084]Considering the simulations results, we can note that the results in [4] have been confirmed where MCS 22 could not be supported. However, the table above shows that MCS 16 could be supported while using CPE compensation only. Furthermore, by trusting [4], we can conclude that up to MCS 20 can be supported since the reference SNR should be less than 7.7 dB. 

Observation 1: When using 120 KHz/100 MHz, MCS 16 can be supported while using CPE compensation only. However, MCS 20 should use ICI compensation to be supported to achieve 85% of the peak throughput in AWGN conditions. 



2.2.2 SCS/CBW = 120 KHz/400 MHz results
The simulation results are depicted as follow
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           (a) QPSK (MCS 4 and 9), CPE                    (b) 16QAM (MCS 10), CPE
[image: ] [image: ]
          (c) 16QAM (MCS 16), CPE+ICI                  (d) 64QAM (MCS 14 and 22), CPE+ICI
[image: ] [image: ]
         (e) 64QAM (MCS 23), CPE+ICI                   (f) 64QAM (MCS 27), CPE+ICI
Fig. 2 PDSCH simulation results depicting the normalized throughput as function of SNR to determine the practical MCS for SDR requirements when using 120 KHz/400 MHz (264 PRBs)
Fig. 2 depicts the PDSCH normalized throughput as function of the SNR according to parameters in Table 1 and using the PN compensation as per Table 2. The reference SNRs values, required to achieve 85% of PDSCH peak throughput under AWGN conditions, are summarized in the following table.

	Received antenna
	Max number of PDSCH MIMO layers
	Maximum modulation format
	Scaling factor
	MCS
	SNR0 (dB) @ 85% max Thpt
	SNR1 (dB) @ 85% max Thpt
	SNR2 (dB) @ 85% max Thpt

	


2Rx UE
	


1

	
6

	1
	27
	13.0
	17.2
	-

	
	
	
	0.8
	23
	8.6
	10.9
	12.2

	
	
	
	0.75
	22
	8.05
	9.8
	10.9

	
	
	
	0.4
	14
	1.25
	1.8
	1.8

	
	
	4

	1
	16
	3.0
	3.5
	3.55

	
	
	
	0.4
	10
	-2.1
	-1.9
	-1.75

	
	
	2

	1
	9
	-2.6
	-2.5
	-2.4

	
	
	
	0.4
	4
	-7.6
	-7.3
	-7.25



Considering the simulations results, we can note that the results in [4] have been confirmed where MCS 22 and above could not be supported. However, the table above shows that MCS 16 could be supported when using ICI compensation. Furthermore, by trusting [4], we can conclude that up to MCS 20 can be supported since the reference SNR should be less than 7.7 dB. 

Observation 2: When using 120 KHz/400 MHz, MCS16 can be supported when using ICI compensation to achieve 85% of the peak throughput in AWGN conditions. However, MCS 20 can be supported as well when using ICI compensation.

2.2.3 SCS/CBW = 480 KHz/400 MHz results
The simulation results are depicted as follow.
[image: ] [image: ]
         (a) QPSK (MCS 4 and 9), CPE                     (b) 16QAM (MCS 10 and 16), CPE
[image: ] [image: ]
            (c) 64QAM (MCS 14), CPE                      (d) 64QAM (MCS 22), CPE+ICI
[image: ] [image: ]
          (e) 64QAM (MCS 23), CPE + ICI                  (f) 64QAM (MCS 27), CPE+ICI
Fig. 3 PDSCH simulation results depicting the normalized throughput as function of SNR to determine the practical MCS for SDR requirements when using 480 KHz/400 MHz (66 PRBs)

	Received antenna
	Max number of PDSCH MIMO layers
	Maximum modulation format
	Scaling factor
	MCS
	SNR0 (dB) @ 85% max Thpt
	SNR1 (dB) @ 85% max Thpt
	SNR2 (dB) @ 85% max Thpt

	


2Rx UE
	


1

	
6

	1
	27
	13.0
	16.5
	16.2

	
	
	
	0.8
	23
	8.6
	10.3
	10.3

	
	
	
	0.75
	22
	8.0
	9.5
	9.5

	
	
	
	0.4
	14
	1.25
	1.5
	1.6

	
	
	4

	1
	16
	2.9
	3.4
	3.5

	
	
	
	0.4
	10
	-2.1
	-1.8
	-1.7

	
	
	2

	1
	9
	-2.7
	-2.5
	-2.4

	
	
	
	0.4
	4
	-7.5
	-7.15
	-7.15



Considering the simulations results, we can note that the results in [4] have been confirmed where MCS 22 and above could not be supported. However, the table above shows that MCS 16 could be supported while using CPE compensation only. Furthermore, by trusting [4], we can conclude that up to MCS 20 can be supported since the reference SNR should be less than 7.7 dB. 

Observation 3: When using 480 KHz/400 MHz, same observation with the case 120 KHz/100 MHz could be drawn. The MCS 16 can be supported while using CPE compensation only, while MCS 20 should use ICI compensation to be supported to achieve 85% of the peak throughput in AWGN conditions.

2.2.4 SCS/CBW = 480 KHz/800 MHz results
The simulation results are depicted as follow.
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              (a) QPSK (MCS 4), CPE                         (b) QPSK (MCS 9), CPE
[image: ] [image: ]
          (c) 16QAM (MCS 10), CPE                          (d) 16QAM (MCS 16), CPE+ICI
[image: ] [image: ]
          (e) 64QAM (MCS 14), CPE+ICI                     (f) 64QAM (MCS 22), CPE+ICI
[image: ] [image: ]
          (g) 64QAM (MCS 23), CPE+ICI                     (h) 64QAM (MCS 27), CPE+ICI
Fig. 4 PDSCH simulation results depicting the normalized throughput as function of SNR to determine the practical MCS for SDR requirements when using 480 KHz/800 MHz (124 PRBs)

	Received antenna
	Max number of PDSCH MIMO layers
	Maximum modulation format
	Scaling factor
	MCS
	SNR0 (dB) @ 85% max Thpt
	SNR1 (dB) @ 85% max Thpt
	SNR2 (dB) @ 85% max Thpt

	


2Rx UE
	


1

	
6

	1
	27
	13.5
	18.8
	18.0

	
	
	
	0.8
	23
	8.6
	10.2
	10.5

	
	
	
	0.75
	22
	8.05
	9.2
	9.4

	
	
	
	0.4
	14
	1.25
	1.8
	1.8

	
	
	4

	1
	16
	2.9
	3.5
	3.4

	
	
	
	0.4
	10
	-2.15
	-2.0
	-1.95

	
	
	2

	1
	9
	-2.7
	-2.5
	-2.4

	
	
	
	0.4
	4
	-7.5
	-7.25
	-7.25



Considering the simulations results, we can note that the results in [4] have been confirmed where MCS 22 and above could not be supported. However, the table above shows that MCS 16 could be supported when using ICI compensation. Furthermore, by trusting [4], we can conclude that up to MCS 20 can be supported since the reference SNR should be less than 7.7 dB. 

Observation 4: When using 480 KHz/800 MHz, we can conclude as in the case of 120 KHz/400 MHz, that MCS16 can be supported when using ICI compensation to achieve 85% of the peak throughput in AWGN conditions. Furthermore, MCS 20 can be supported as well when using ICI compensation.
6	Summary
In this paper, we provide some initial simulation results to assess the SDR performance. 
Observation 1: When using 120 KHz/100 MHz, MCS 16 can be supported while using CPE compensation only. However, MCS 20 should use ICI compensation to be supported to achieve 85% of the peak throughput in AWGN conditions. 
Observation 2: When using 120 KHz/400 MHz, MCS16 can be supported when using ICI compensation to achieve 85% of the peak throughput in AWGN conditions. However, MCS 20 can be supported as well when using ICI compensation.
Observation 3: When using 480 KHz/400 MHz, same observation with the case 120 KHz/100 MHz could be drawn. The MCS 16 can be supported while using CPE compensation only, while MCS 20 should use ICI compensation to be supported to achieve 85% of the peak throughput in AWGN conditions.
Observation 4: When using 480 KHz/800 MHz, we can conclude as in the case of 120 KHz/400 MHz, that MCS16 can be supported when using ICI compensation to achieve 85% of the peak throughput in AWGN conditions. Furthermore, MCS 20 can be supported as well when using ICI compensation.
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Appendix

Table 5.1.3.1-1: MCS index table 1 for PDSCH
	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	0
	2
	120
	0.2344

	1
	2
	157
	0.3066

	2
	2
	193
	0.3770

	3
	2
	251
	0.4902

	4
	2
	308
	0.6016

	5
	2
	379
	0.7402

	6
	2
	449
	0.8770

	7
	2
	526
	1.0273

	8
	2
	602
	1.1758

	9
	2
	679
	1.3262

	10
	4
	340
	1.3281

	11
	4
	378
	1.4766

	12
	4
	434
	1.6953

	13
	4
	490
	1.9141

	14
	4
	553
	2.1602

	15
	4
	616
	2.4063

	16
	4
	658
	2.5703

	17
	6
	438
	2.5664

	18
	6
	466
	2.7305

	19
	6
	517
	3.0293

	20
	6
	567
	3.3223

	21
	6
	616
	3.6094

	22
	6
	666
	3.9023

	23
	6
	719
	4.2129

	24
	6
	772
	4.5234

	25
	6
	822
	4.8164

	26
	6
	873
	5.1152

	27
	6
	910
	5.3320

	28
	6
	948
	5.5547

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved
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