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Background
As per [1], RAN 4 left some open issues on FR2-2 PUSCH demodulation requirements, in this paper, we provide our views on these open issues
Discussions

It is noted that we captured the simulation results with corresponding simulation assumptions in appendix.

MCS
In RAN 4 102-e meeting, we reached following agreements:
	Companies deliver two sets of ideal simulation results for requirement discussion. Result set#1 is without phase noise and set#2 is with phase noise.
· No Tx phase noise is modelled
· Rx Phase noise is modelled only to find feasible FRC configuration (i.e. achieve maximum throughput and loss in comparison to scenarios without Rx phase noise is less than 1 dB)
· 70 GHz carrier frequency is assumed



Based on our simulation results, performance loss for MCS20 due to phase noise is 1.1dB for 120kHz SCS and 1.2dB for 480kHz SCS. Therefore, MCS20 is not feasible. In order to minimum the phase noise impact, we propose to select MCS 18  instead of MCS20
Proposal 1: Define PUSCH performance requirements with MCS 4, 16 and 18.

Antenna configuration
1T2R Low and 2T2R Low are typical configurations, hence we propose to use 1T2R Low and 2T2R Low.
Proposal 2: Use 1T2R Low and 2T2R Low 

Bandwidth
For FR2-2 120 kHz SCS, 100MHz and 400MHz bandwidth are supported. But based from our understanding, 400MHz bandwidth need higher testable SNR and have more phase noise impact. Hence, we propose to only consider 100MHz. For 480kHz SCS, 1600MHz bandwidth is optional, hence we propose to only consider 400MHz bandwidth.
Proposal 3: Only consider 100MHz bandwidth for 120kHz SCS and 400MHz bandwidth for 480kHz SCS. 

Doppler spread 
200Hz corresponding to 3km/h and 650Hz corresponding to 10km/h are listed as two options for PUSCH Doppler spread. Based on our simulation results for PDSCH, cases with two Doppler spread have the same performance.  We don’t see any need to define case with another Doppler spread repeatedly.
Proposal 4: Define PUSCH requirements with 200Hz Doppler spread.

RMS delay spread
One issue is how to select RMS delay spread. Based on our understanding, 10ns is feasible because 10ns is used for evaluation from RAN 1.
Proposal 5: Define PUSCH requirements with 10ns RMS delay spread.

Propagation conditions
Based on our understanding, higher MCS is always scheduled for TDL-D and low MCS is always scheduled for TDL-A.  To be practical, we propose to use MCS 4 and MCS 16 for TDL-A and MCS 18 for TDL-D
Proposal 6: Use MCS 4 and 16 for TDL-A and MCS 18 for TDL-D.

Proposed cases
The propose cases are captured in Table 2-1:
Table 2-1: Proposed simulation assumptions for FR2-2 PUSCH
	SCS (kHz)
	CBW
(MHz)
	MCS
	Channel  model
	Antenna configuration
	70% of max TP

	120
	100
	4
	TDLA10-650
	1x2 Low
	

	
	
	
	
	2x2 Low
	

	120
	100
	16
	TDLA10-200
	1x2 Low
	

	
	
	
	
	2x2 Low
	

	120
	100
	20
	TDLD10-200
	1x2 Low
	

	
	
	
	
	2x2 Low
	

	480
	400
	4
	TDLA10-650
	1x2 Low
	

	
	
	
	
	2x2 Low
	

	480
	400
	16
	TDLA10-200
	1x2 Low
	

	
	
	
	
	2x2 Low
	

	480
	400
	20
	TDLD10-200
	1x2 Low
	

	
	
	
	
	2x2 Low
	



Proposal 7: Use Table 2-1 for FR2-2 PUSCH performance requirements definition.
Conclusion
In this paper we provide our simulation results for FR2-2 PUSCH requirement. The proposals and observations are:
Proposal 1: Define PUSCH performance requirements with MCS 4, 16 and 18.
Proposal 2: Use 1T2R Low and 2T2R Low 
Proposal 3: Only consider 100MHz bandwidth for 120kHz SCS and 400MHz bandwidth for 480kHz SCS.
Proposal 4: Define PUSCH requirements with 200Hz Doppler spread.
Proposal 5: Define PUSCH requirements with 10ns RMS delay spread.
Proposal 6: Use MCS 4 and 16 for TDL-A and MCS 18 for TDL-D.
Proposal 7: Use Table 2-1 for FR2-2 PUSCH performance requirements definition.
Appendix

Table 4-1: Simulation assumptions
	Parameter
	Value

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	Time domain
resource
	PUSCH mapping type
	B

	
	Start symbol index
	0 

	
	Allocation length
	10 

	Frequency domain resource
	Frequency hopping
	Disabled

	
	
	

	TPMI index for 2Tx two-layer spatial multiplexing transmission 
	0

	SCS/Bandwidth
	120kHz/100MHz, 120kHz/400MHz and 480kHz/400MHz

	Antenna configuration
	1T2R Low

	MCS
	MCS 4,16,20

	Propagation conditions
	TDLA10-200; TDLA10-650 and TDLD10-200

	PN model
	Set 2 in TR 38.808

	PN compensation 
	· No PN
· For cases except 120kHz/400MHz with MCS20, CPE;
· For case with 120kHz/400MHz with MCS20, ICI de-filter with 1, 2 and 4 tap.

	Receiver type
	MMSE

	Code block group based PUSCH transmission
	Disabled

	Test metric
	Normalized throughput 
	70%



The simulation results are captured in Figure 4-1:
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Figure 4-1: Simulation results for FR2-2 PUSCH requirements
The target SNR@70% of maximum TP are captured in Table 4-2:
Table 4-2: Summary of simulation results for PUSCH
	SCS
	CBW
	MCS
	Channel  model
	PN compensation
	Target SNR (dB)

	120
	100
	4
	TDLA10-650
	No PN
	-2.2

	
	
	
	
	CPE
	-2.1

	120
	100
	16
	TDLA10-200
	No PN
	8.6

	
	
	
	
	CPE
	9.1

	120
	100
	20
	TDLD10-200
	No PN
	9.9

	
	
	
	
	CPE
	11.0

	120
	400
	4
	TDLA10-650
	No PN
	-2.3

	
	
	
	
	CPE
	-2.2

	120
	400
	16
	TDLA10-200
	No PN
	8.9

	
	
	
	
	CPE
	9.4

	120
	400
	20
	TDLD10-200
	No PN
	10.0

	
	
	
	
	CPE
	11.2

	
	
	
	
	ICI u=1
	11.7

	
	
	
	
	ICI u=2
	11.7

	
	
	
	
	ICI u=3
	11.7

	480
	400
	4
	TDLA10-650
	No PN
	-2.0

	
	
	
	
	CPE
	-1.9

	480
	400
	16
	TDLA10-200
	No PN
	8.4

	
	
	
	
	CPE
	9.0

	480
	400
	20
	TDLD10-200
	No PN
	9.9

	
	
	
	
	CPE
	11.1
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