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Introduction
In the previous RAN4 meeting, WF on PUSCH 256QAM performance requirements [1] was agreed:
In this paper we provide our view on remaining open issues related to BS requirements for FR1 256QAM.
Discussion
The current status for open issues is listed below
	· MCS
· Option 1: MCS 22
· Option 2: MCS 24
· Option 3: MCS 20 or MCS 21 if there is testability issue for OTA test
· Tx EVM
· Option 1: Consider 3.5%Tx EVM modelling for alignment results
· Option 2: Consider 3.5% Tx EVM impact in the impairment results
· Option 2a: add a certain margin on top of the averaged impairment results
· Option 2b: consider it in the impaired results submitted by companies
· Option 3: Not consider 3.5% Tx EVM impact if the target SNR is 20dB or less
· SCS and Bandwidth combination
· 15kHz SCS:
· Option 1: 5MHz and 10MHz
· Option 2: 5MHz, 10MHz and 20MHz
· 30kHz SCS:
· Option 1: 10MHz and 40MHz
· Option 2: 10MHz, 20MHz, 40MHz and 100MHz


MCS
One of the main topics which should be taken into account for decision on MCS value is OTA testability. For PUSCH we have BS type 1-O which is tested with radiated performance requirements and FR1 2Rx setup is used. In the previous meeting there were suggestions to consider MCS with SNR operating point lower than 20 dB. Based on our analysis from Section 2, even for MCS 20 SNR operating point is higher than 20 dB for TDL-A channel model. Therefore, for considered test setup it is rather hard to find MCS value with SNR operating point lower than 20 dB. Same time, we can just take the lowest MCS for requirements definition and depending on test equipment vendor implement and test setup it will be or not be possible to verify 256QAM for BS type 1-O.
Also, in Section 2, we provide simulation results for TDL-D channel model. From these results we can observe that MCS20 performance with impairments is slightly higher than 20 dB. Therefore, we can further discuss whether we need to revise previous agreement on channel model and use TDL-D channel model to resolve any potential OTA testability issues.
Proposal 1:	Use MCS20 for FR1 PUSCH 256QAM requirements definition.
Proposal 2:	Further discuss whether to change channel model assumptions from TDL-A to TDL-D to resolve any potential OTA testability issues.
Tx EVM assumptions
Non-zero Tx EVM modelling is usually considered to take into account imperfection of TX signal. Based on results from Section 3, we can observe that 3.5% Tx EVM may lead to 0.3 – 0.9 dB performance degradation for the consider scenarios. For UE requirements Tx EVM modelling is usually considered for alignment results. Same time, it is also fine if Tx EVM will be included by each company in the impairment results, because requirements are defined based on average impairments results. Therefore, we suggest to consider Option 1 or Option 2b from WF for requirements definition.
Proposal 3:	Consider 3.5% Tx EVM modelling for FR1 PUSCH 256QAM alignment simulation results (Option 1) or consider 3.5% Tx EVM impact in the impairment results submitted by companies (Option 2b).
SCS/bandwidth combinations
Based on TS 38.141-2 the following applicability rule is defined for testing of different CBW
	Unless otherwise stated, for each subcarrier spacing declared to be supported, the tests shall be done only for the widest supported channel bandwidth. If performance requirement is not specified for this widest supported channel bandwidth, the tests shall be done by using performance requirement for the closest channel bandwidth lower than this widest supported bandwidth; the tested PRBs shall then be centered in this widest supported channel bandwidth.


Based on our understanding, such applicability rule allows to have rather flexible set of CBWs covered by minimum performance requirements and have sufficient test coverage. Therefore, to reduce simulation effort we think that CBWs 5MHz and 10MHz can be considered for scenario with 15 kHz SCS and CBWs 10MHz and 40MHz can be considered for scenario with 30 kHz SCS.
[bookmark: _Hlk71478293]Proposal 4:	Define FR1 PUSCH requirements with 256QAM modulation for CBWs 5MHz and 10MHz for 15 kHz SCS and for CBWs 10MHz and 40MHz for 30 kHz SCS. 
Simulation results
In Figure 1 we provide simulation results for FR1 256QAM scenario using the following assumptions:
· SCS/CBW: 15 kHz / 10 MHz and 30 kHz / 40 MHz
· PDSCH mapping type A
· One additional DMRS
· PT-RS is not configured
· FRC: MCS 20, 21, 22 and 24 with 1 MIMO layer
· TX EVM: 3.5%
In Table 1 we provide the summary of alignment results with and without Tx EVM. In Table 2 we provide the summary of impairments results.
	15 kHz, 10 MHz, Antenna configuration 1x2

	30 kHz, 40 MHz, Antenna configuration 1x2


	15 kHz, 10 MHz, Antenna configuration 1x4

	30 kHz, 40 MHz, Antenna configuration 1x4


	15 kHz, 10 MHz, Antenna configuration 1x8

	30 kHz, 40 MHz, Antenna configuration 1x8


	[bookmark: _Ref71476025]Figure 1. FR1 256QAM simulation results for TDL-A channel model



[bookmark: _Ref78553313]Table 1. Summary of alignment results for TDL-A channel model with and without TX EVM
	SCS, CBW
	Antenna config
	MCS 20
	MCS 21
	MCS 22
	MCS 24

	
	
	0%
	3.5%
	0%
	3.5%
	0%
	3.5%
	0%
	3.5%

	15 kHz, 10 MHz
	1x2
	20.5
	20.8
	21.4
	21.9
	22.0
	22.5
	24.0
	24.8

	
	1x4
	15.8
	16.1
	16.6
	17.0
	17.3
	17.8
	19.3
	20.0

	
	1x8
	11.9
	12.3
	12.9
	13.3
	13.6
	13.9
	15.5
	16.2

	30 kHz, 40 MHz
	1x2
	20.5
	20.9
	21.0
	21.5
	21.8
	22.4
	23.6
	24.5

	
	1x4
	15.8
	16.2
	16.4
	16.8
	17.2
	17.7
	19.0
	19.8

	
	1x8
	12.1
	12.6
	12.7
	13.1
	13.6
	14.0
	15.5
	16.3



[bookmark: _Ref78553447]Table 2. Summary of impairments results for TDL-A channel model
	SCS, CBW
	Antenna config
	MCS 20
	MCS 21
	MCS 22
	MCS 24

	15 kHz, 10 MHz
	1x2
	23.3
	24.4
	25.0
	27.3

	
	1x4
	18.6
	19.5
	20.3
	22.5

	
	1x8
	14.8
	15.8
	16.4
	18.7

	30 kHz, 40 MHz
	1x2
	23.4
	24.0
	24.9
	27.0

	
	1x4
	18.7
	19.3
	20.2
	22.3

	
	1x8
	15.1
	15.6
	16.5
	18.8



In Figure 2 we provide simulation results for FR1 256QAM scenario for same assumptions as for Figure 1 but with TDL-D30-10 channel model and 1x2 antenna configuration only. Summary of alignment and impairments results are presented in Table 3 and Table 4.
	15 kHz, 10 MHz, Antenna configuration 1x2

	30 kHz, 20 MHz, Antenna configuration 1x2


	[bookmark: _Ref78878275]Figure 2. FR1 256QAM simulation results for TDL-D channel model



[bookmark: _Ref78878376]Table 3. Summary of alignment results for TDL-D channel model with and without TX EVM
	SCS, CBW
	Antenna config
	MCS 20
	MCS 21
	MCS 22
	MCS 24

	
	
	0%
	3.5%
	0%
	3.5%
	0%
	3.5%
	0%
	3.5%

	15 kHz, 10 MHz
	1x2
	17.5
	17.8
	18.3
	18.8
	19.1
	19.6
	21.0
	21.8

	30 kHz, 40 MHz
	1x2
	17.7
	18.0
	18.1
	18.6
	19.2
	19.7
	21.0
	21.8



[bookmark: _Ref78878378]Table 4. Summary of impairments results for TDL-D channel model
	SCS, CBW
	Antenna config
	MCS 20
	MCS 21
	MCS 22
	MCS 24

	15 kHz, 10 MHz
	1x2
	20.3
	21.3
	22.1
	24.3

	30 kHz, 40 MHz
	1x2
	20.5
	21.1
	22.2
	24.3



Conclusion
In this paper we provided view on BS requirements for FR1 256QAM and made the following proposals:
Proposal 1:	Use MCS20 for FR1 PUSCH 256QAM requirements definition.
Proposal 2:	Further discuss whether to change channel model assumptions from TDL-A to TDL-D to resolve any potential OTA testability issues.
Proposal 3:	Consider 3.5% Tx EVM modelling for FR1 PUSCH 256QAM alignment simulation results (Option 1) or consider 3.5% Tx EVM impact in the impairment results submitted by companies (Option 2b).
Proposal 4:	Define FR1 PUSCH requirements with 256QAM modulation for CBWs 5MHz and 10MHz for 15 kHz SCS and for CBWs 10MHz and 40MHz for 30 kHz SCS. 
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