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1	Introduction
During the last RAN4 meeting, the test scope and test parameters on the FR1 PUSCH demodulation requirement with 256QAM was discussed. The related agreement was captured in the WF [1]
In this contribution, the view on remain issue is provided.
2	Discussion
DMRS configuration 
Regarding the DMRS configuration, the following was agreed in the last meeting as
	· Frequency DM-RS (dmrs additionalPosition): pos1, FFS pos2 
· Decide based on interesting companies’ feedback for next meeting



The main use case of enabling 256QAM scheduling is for cell-center UE with low mobility. Meanwhile, the channel model with TDLA30-10 low is selected as for the simulation assumption, where the Doppler spread is very low. Therefore, we think it is not necessary to configure 3 DMRS, i,e Pos2.  
Proposal 1:  Only define FR1 PUSCH 256QAM requirement with DMRS configuration 1+1. 
Number of Tx and Number of Layers
Regarding the number of Tx and number of Layers, the following was agreed in the last meeting as
	· Number of Tx 
· Option 1: only 1 Tx
· Option 2: Both 1 Tx and 2 Tx
· Number of layers 
· Option 1: only 1 layer
· Option 2: 2 layers



For number of Tx, scheduling 256 QAM transmission with rank2 is not a typical scenario, which will increase the achievable SNR due to the interference coming from 2 layers.
In Rel-15 BS demodulation requirement, only define 64QAM with 1 Tx configuration. It is not proper to enable 2Tx with 256QAM transmission, while 1Tx with 64QAM transmission in the real field test.
In LTE, only 1TX requirement is defined for 256QAM. Meanwhile, 1 layer transmission with 256 QAM was specified in Rel-15 UE demodulation for PDSCH requirement.
Proposal 2:  Only define FR1 PUSCH 256QAM requirement with 1 Tx and 1 layer
Number of Rx
Regarding the number of Rx, the following was agreed in the last meeting as
	· Number of Rx
· Option 1: 2Rx/8Rx
· Option 2: 2Rx/4Rx/8Rx



Regarding the requirement of antenna configuration, RAN4 has specified the 2/4/8 Rx configuration for the basic NR test. Since the test purpose is to verify the 256QAM transmission, we think 2Rx and 8Rx should be enough to fulfill the test purpose and coverage, considering the test applicable rule defined in Rel-15 BS demodulation requirement. 
Proposal 3:  Only define FR1 PUSCH 256QAM requirement with 2Rx and 8Rx
SCS and Bandwidth
Regarding bandwidth for requirement, the following was agreed in the last meeting as
	· 15KHz
· Option 1:  5MHz and 10MHz
· Option 2:  5MHz, 10MHz and 20MHz
· 30 KHz
· Option 1: 10MHz and 40MHz
· Option 2: 10MHz, 20MHz, 40MHz and 100MHz



Regarding the requirement of different SCS and CBW, RAN4 has specified different SCS and BW configuration for the basic NR test. From the baseband process and performance perspective, the different is very minor. Therefore, it is not necessary to duplicate the test cases defined in Rel-15. Based on the applicable rule defined in Rel-15, we think only define the minimum CBW requirement can fulfill the test purpose.  For test coverage purpose, the typical CBW configuration can be considered as 10MHz for 15 KHz SCS, and 40MHz for 30 KHz SCS. Therefore, we prefer to only define FR1 PUSCH 256QAM requirement with 5MHz and 10MHz for 15 KHz SCS, and 10MHz and 40MHz for 30 KHz SCS.
Proposal 4:  Only define FR1 PUSCH 256QAM requirement with 5MHz and 10MHz for 15 KHz SCS, and 10MHz and 40MHz for 30 KHz SCS.
Applicability rule  
Regarding applicable rule for different antenna configuration, SCS and bandwidth, the following was agreed in the last meeting as
	· Applicability rule for different antenna configuration 
· Option 1: Reuse the existing test applicability rule defined in clause 8.1.2.0 of TS 38.141-1
· Other options
· Applicability rule for different SCS and BW 
· Option 1: Reuse the existing test applicability rule defined in sections 8.1.2.1.1 and 8.1.2.1.2 of TS 38.141-1 
· Other options 



Regarding the different antenna configuration, the applicable rule is following
	Unless otherwise stated, for a BS supporting different numbers of antenna connectors (for BS type 1-C) or TAB connectors (for BS type 1-H) (see D.37 in table 4.6-1), the tests with low MIMO correlation level shall apply only for the lowest and highest numbers of supported connectors, and the specific connectors used for testing are based on manufacturer declaration.



Similarly, regarding the different SCS and BW, the applicable rule is following
	For each subcarrier spacing declared to be supported, the tests for a specific channel bandwidth shall apply only if the BS supports it (see D.14 in table 4.6-1).
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 test cases with different antenna configuration, SCS and BW, existing test applicable rule can guattern    the test coverage, there is no need to define new test applicable rule  
Proposal 5:  Reuse the existing test applicability rule defined in clause 8.1.2.0 of TS 38.141-1 for different antenna configuration, and reuse the existing test applicability rule defined in section 8.1.2.1.1 and 8.1.2.1.2 of TS 38.141-1 for different SCS and BW.
PT-RS 
	· FFS configure PT-RS
· Further discuss and decide whether to configure PT-RS or not based on feedback from interesting companies in the next meeting



In FR1, the PT-RS configuration is a UE optional feature. For FR1, we think the phase noise impact is minor. Therefore, we prefer to not configure PTRS for PUSCH requirement with 256 QAM.
Proposal 6:  Do not configure PTRS for PUSCH requirement with 256QAM in FR1
Phase Noise Modelling
	· Realistic phase noise modelling is left up to the contributing entities
· FFS how to consider phase noise impact based on further discussion and evaluation
· Interesting company is welcome to do investigation on the PN impact on 256QAM performance for next meeting   



Regarding the phase noise modelling, since the requirement is targeting for FR1, we think the impact of phase noise is minor. Meanwhile, how to modelling phase noise explicitly, it should be implementation dependent. In Rel-15, RAN4 has the similar discussion for FR2 phase noise modelling for PUSCH requirement, where there is no phase noise model. The phase noise degradation on performance will be considered in the implementation margin when companies submit their impaired results. Same approach can be applied
Proposal 7:  Do not model phase noise modelling for ideal simulation results, the PN impact can be considered in the implementation margin.
Tx EVM
	· Interesting companies are welcome to check the performance difference with and without Tx EVM (3.5% as baseline) impact considered
· RAN4 will discuss and decide 



In Rel-15 PDSCH demodulation requirement for 256QAM, Tx EVM of 3.5% is used for FR1.With high modulation, the achievable SNR is very high, which means large transmission power should be considered to fulfill the acceptable performance. In this condition, the nonlinearity of RF unit, such as PA, may result in distortion of transmission power. Therefore, the impact of Tx EVM may need to be considered for requirement and simulation alignment.  As show in our initial simulation results, there is a large performance degradation due to the impact of Tx EVM. Therefore, we think additional margin should be considered for performance derived.
3	Initial Simulation Results
In this subsection, the initial investigation for impact of Tx EVM are provided. 
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Figure 1:  The BLER performance of 256QAM with/without Tx EVM at MCS24
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Figure 2:  The BLER performance of 256QAM with/without Tx EVM at MCS24

Table 1:  Results summary for 256QAM with/without Tx EVM for MCS 22 and MCS 24
	Test Case
	Tx/Rx
	SCS&BW
	Mapping type 
	Symbol length
	MCS
(256QAM)
	DMRS configuration
	Channel
	Tx EVM%
	SNR@70 of TP

	Case 1
	1T2R
	15KHz,
10MHz
	A
	14
	24
	1+1 (2,11)
	TDLA30-10
	0
	21.05

	Case2
	1T2R
	30KHz, 40MHz
	A
	14
	24
	1+1 (2,11)
	TDLA30-10
	0
	21.23

	Case3
	1T2R
	15KHz,
10MHz
	A
	14
	22
	1+1 (2,11)
	TDLA30-10
	0
	18.94

	Case4
	1T2R
	30KHz, 40MHz
	A
	14
	22
	1+1 (2,11)
	TDLA30-10
	0
	19.11

	Case5
	1T2R
	15KHz,
10MHz
	A
	14
	24
	1+1 (2,11)
	TDLA30-10
	3.5
	22.46

	Case6
	1T2R
	30KHz, 40MHz
	A
	14
	24
	1+1 (2,11)
	TDLA30-10
	3.5
	22.75

	Case7
	1T2R
	15KHz,
10MHz
	A
	14
	22
	1+1 (2,11)
	TDLA30-10
	3.5
	19.75

	Case8
	1T2R
	30KHz, 40MHz
	A
	14
	22
	1+1 (2,11)
	TDLA30-10
	3.5
	19.98



Observation 1:  large performance degradation can be observed with considering TxEVM as 3.5% with MCS 24.   
In Rel-15 BS demod, there is no TxEVM considered in the alignment results. Considering the large performance degradation due to TxEVM, we prefer to add additional margin when deriving the performance requirement for 256QAM
Proposal 8:  Additional margin should be considered for performance requirement derived for FR1 256QAM PUSCH
4	Conclusion
In this contribution, the view of PUSCH requirement with 256QAM in FR1 is provided.
Proposal 1:  Only define FR1 PUSCH 256QAM requirement with DMRS configuration 1+1. 
Proposal 2:  Only define FR1 PUSCH 256QAM requirement with 1 Tx and 1 layer
Proposal 3:  Only define FR1 PUSCH 256QAM requirement with 2Rx and 8Rx
Proposal 4:  Only define FR1 PUSCH 256QAM requirement with 5MHz and 10MHz for 15 KHz SCS, and 10MHz and 40MHz for 30 KHz SCS.
Proposal 5:  Reuse the existing test applicability rule defined in clause 8.1.2.0 of TS 38.141-1 for different antenna configuration, and reuse the existing test applicability rule defined in section 8.1.2.1.1 and 8.1.2.1.2 of TS 38.141-1 for different SCS and BW.
Proposal 6:  Do not configure PTRS for PUSCH requirement with 256QAM in FR1
Proposal 7:  Do not model phase noise modelling for ideal simulation results, the PN impact can be considered in the implementation margin.
Observation 1:  large performance degradation can be observed with considering TxEVM as 3.5% with MCS 24.  
[bookmark: _GoBack]Proposal 8:  Additional margin should be considered for performance requirement derived for FR1 256QAM PUSCH
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