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1. Introduction
In RAN#96 meeting, the WID on Further RF requirements enhancement for NR FR1 was approved [1]. In the last RAN4 meeting, the performance part of BS demodulation requirement was under discussion. The test scope and initial simulation assumption were agreed with capturing into the WF [2] as
	· Test scope 
· Only consider PUSCH requirement
· Scope for PUSCH
· Only consider basic feature of Rel-15
· Duplex mode
· Define requirements for TDD with 15kHz SCS with TDD pattern DDDSU, 30kHz SCS with TDD pattern 7D1S2U, but the requirements are applicable for both FDD and TDD.
· PUSCH requirement 
· Bandwidth and SCS
· For 15KHz
· 5MHz requirement will be introduced
· 20MHz and 50MHz for initial simulation, and then choose one for performance requirements definition.
· For 30KHz: 10MHz and 100MHz requirement will be introduced
· MIMO layers
· Only consider rank 4 for performance requirements definition
· Propagation conditions
· Following propagation models are used for simulation assumption. The specific MCS for each propagation condition is FFS that is based on the further evaluation, but only one MCS for each propagation condition will be selected for performance requirements definition.
· TDLA30-10
· TDLB100-400
· TDLC300-100
· MCS
· Use MCS table 1 for evaluation. The following MCS can be used as starting point for evaluation
· TDLA30-10: MCS 16, MCS17 and MCS 20
· TDLB100-400: MCS 2
· TDLC300-100: MCS 12 and MCS 16
· Antenna configuration 
· For initial simulation: included both 4x4 and 4x8
· For the testing of performance, only the performance for the highest supported Rx is used for testing if agreed to define performance requirements for both 4x4 and 4x8 
· DM-RS configuration 
· Only additional DM-RS pos1 is defined for 4Tx demodulation requirements
· 
· Precoding
· Take TPMI index 0 in Table 6.3.1.5-7 of 38.211 for performance requirement definition
· FFS on TPMI index 4 in Table 6.3.1.5-7 of 38.211 for vehicular use cases
· Transform precoding
· Only transform precoding disabled (CP-OFDM) will be introduced for performance requirement definition
· Test metric 
· Use 70% of maximum throughout as the test metric for performance requirement
· Test limiting
· Initially conductivity testing is conducted of this feature, FFS on OTA test set-ups



In this contribution, the view on the remaining issue of test setup is provided. Meanwhile, the initial simulation results are provided for alignment purpose.
2	Discussion and initial simulation results 
2.1	Test setup for PUSCH requirements
Antenna configuration 
In Rel-15, for UL 2-layer transmission, different Rx configuration as 2Rx/4Rx/8Rx are considered with test applicable rule. For UL-4-layer transmission, the tested SNR will be higher considering the inter-layer interference if high modulation order is considered. Considering the purpose of 4-layer transmission is to increase UL capacity, with more receiving antenna can be helpful to obtain the combining gain. Therefore, we prefer to define PUSCH requirement with 8Rx. We are open to discuss and define PUSCH requirement with 4Rx. If PUSCH requirement with both 4Rx and 8Rx are defined, the test applicable rule defined in the Rel-15 can be used, only the performance for the highest supported Rx is used for testing. Meanwhile, for a BS declared to support more than 8 antenna connectors (for BS type 1-C) or TAB connectors (for BS type 1-H) (see D.37 in table 4.6-1), the performance requirements test for 8 Rx antenna shall apply, and the specific connectors used for testing are based on manufacturer declaration. 
Proposal 1: Both 4Rx and 8Rx requirement can be considered, only the highest supported Rx is used for testing. If a BS declared to support more than 8 antenna connects (for BS type 1-C) or TAB connectors (for BS type 1-H) (see D.37 in table 4.6-1), the performance requirements test for 8 Rx antenna shall apply, and the specific connectors used for testing are based on manufacturer declaration.

Precoding matrix 
Regarding the precoding matrix index, both TPMI index 0 and TPMI index 4 are under discussed for performance definition.  For UL PUSCH transmission, both non-codebook and codebook transmission can be supported. For non-codebook transmission, the precoding matrix is an identity matrix. For codebook-based transmission, the detail TPMI index is calculated based on gNB through the channel measurement of SRS signal of UE transmission. The TMPI selection is related the gNB scheduling and UE SRS transmission, also related with UE capability about supported full coherent/partial/non-coherent mode. Since the purpose is to verify the baseband performance of UL 4Tx, we prefer only focus on gNB demodulation process, instead of gNB scheduling and SRS transmission, same as Rel-15, where only TPMI index 0 was considered for UL 2Tx transmission performance requirement, and also TPMI index 0 is supported for by all the UE.  Therefore, we prefer to only apply TPMI index 0 for UL 4Tx performance requirement definition.

Proposal 2: Only apply TPMI index 0 for UL 4Tx performance requirement definition.


Test limiting 
Based on current OTA test environment, the radiated performance requirements are only specified for up to 2 demodulation branches, when tested for two demodulation branches, each demodulation branch maps to one polarization. For a BS declared to support more than 2 demodulation branches (for BS type 1-O and BS type 2-O), the performance requirement tests for 2 demodulation branches shall apply, and the mapping between connectors and demodulation branches is up to BS implementation. For UL 4Tx with 4-layer transmission， existing test setup need to be extended. Considering only 2 demodulation branches in current test environment, it is meaningless to enable 4Tx OTA test, unless the related OTA test will be improved in future.
Proposal 3: Only conductive test is considered for UL 4Tx based on current OTA test environment.

MCS 
In the last meeting, several MCS levels including QPSK, 16QAM and 64QAM are considered for initial simulation to check the feasibility of them. Regarding the MCS level, with high modulation order, the tested SNR will be higher considering the inter-layer interference. Meanwhile, the maximum throughput cannot be achieved even with high SNR region, especially for high modulation order. Based on our initial results, the tested SNR will be high, especial for 64QAM. Therefore, we prefer to focus on low MCS for UL-4-layer transmission requirement definition, up to 16QAM. 
Proposal 4: Up to 16QAM MCS level is considered for UL-4-layer transmission requirement definition.
· TDLA30-10: MCS16
· TDLB100-400: MCS 2
· TDLC300-100: MCS 12

Channel BW
Regarding the channel band width, as agreed, excepting the minimum channel bandwidth is considered, larger channel bandwidths are considered for simulation, one of them is chosen for requirement definition, especially for 15KHz SCS, where 20MHz and 50MHz CBW are considered. Based on existing test applicability rule defined in Rel-15, either 20MHz or 50MHz CBW can be tested, if BS declares to support it.
Based on our initial results, with TDLA 30-10 channel, large performance different among different channel BW, even with MCS 16, the tested SNR at 70% of maximum throughput is around with 20dB at 50MHz CBW. Therefore, we prefer to consider 20MHz for performance requirement definition comparable with Rel-15 in terms of UL 4Tx verification purpose. We are also open to further discuss whether 50MHz CBW can be selected for other channel condition and MCS level for requirement definition considering the test coverage of different CBWs, if companies would like to include 50MHz CBW.

Proposal 5: Choose 20MHz CBW for UL-4-layer transmission performance requirement definition. FFS on defining 50MHz CBW requirement with different channel or MCS test cases separately 

2.2	Initial simulation results for PUSCH requirements
In this section, the initial simulation results are provided based on agreed simulation assumption as following table
Table 2-1：  Simulation assumption for 4Tx
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3dB

	
	DM-RS port
	{0, 1, 2, 3}

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain
	PUSCH mapping type
	A and B

	resource
	Start symbol
	0 

	assignment
	Allocation length
	14 

	Frequency domain resource
	RB assignment
	Full applicable test bandwidth

	assignment
	Frequency hopping
	Disabled

	TPMI index for 4Tx four-layer spatial multiplexing transmission 
	0

	Code block group based PUSCH transmission
	Disabled

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL pattern.



Table 2-2：  Initial simulation results  for 4Tx with TDLA30-10 channel
	Case
	Antenna configuration
	SCS
	BW
	Mapping
type
	Channel
	Number of DMRS
	MCS
	SNR@70%TP

	1
	4T4R
	15KHz
	5
	Type A
	TDLA30-10
	1+1(2,11)
	MCS 16
	16.66

	2
	4T4R
	15KHz
	5
	Type A
	TDLA30-10
	1+1(2,11)
	MCS 17
	17.57

	3
	4T4R
	15KHz
	5
	Type A
	TDLA30-10
	1+1(2,11)
	MCS 20
	21.40

	4
	4T4R
	15KHz
	20
	Type A
	TDLA30-10
	1+1(2,11)
	MCS 16
	17.76

	5
	4T4R
	15KHz
	20
	Type A
	TDLA30-10
	1+1(2,11)
	MCS 16
	19.37

	6
	4T4R
	15KHz
	20
	Type A
	TDLA30-10
	1+1(2,11)
	MCS 16
	23.68

	7
	4T4R
	15KHz
	50
	Type A
	TDLA30-10
	1+1(2,11)
	MCS 16
	19.37

	8
	4T4R
	15KHz
	50
	Type A
	TDLA30-10
	1+1(2,11)
	MCS 16
	20.38

	9
	4T8R
	15KHz
	50
	Type A
	TDLA30-10
	1+1(2,11)
	MCS 16
	27.68

	10
	4T8R
	15KHz
	5
	Type A
	TDLA30-10
	1+1(2,11)
	MCS 16
	8.58

	11
	4T8R
	15KHz
	5
	Type A
	TDLA30-10
	1+1(2,11)
	MCS 17
	9.43

	12
	4T8R
	15KHz
	5
	Type A
	TDLA30-10
	1+1(2,11)
	MCS 20
	12.39

	13
	4T8R
	15KHz
	20
	Type A
	TDLA30-10
	1+1(2,11)
	MCS 16
	8.76

	14
	4T8R
	15KHz
	20
	Type A
	TDLA30-10
	1+1(2,11)
	MCS 17
	10.60

	15
	4T8R
	15KHz
	20
	Type A
	TDLA30-10
	1+1(2,11)
	MCS 20
	13.25

	16
	4T8R
	15KHz
	50
	Type A
	TDLA30-10
	1+1(2,11)
	MCS 16
	9.46

	17
	4T8R
	15KHz
	50
	Type A
	TDLA30-10
	1+1(2,11)
	MCS 17
	10.46

	18
	4T8R
	15KHz
	50
	Type A
	TDLA30-10
	1+1(2,11)
	MCS 20
	13.71



Table 2-3：  Initial simulation results  for 4Tx with TDLB100-400 channel
	Case
	Antenna configuration
	SCS
	BW
	Mapping
type
	Channel
	Number of DMRS
	MCS
	SNR@70%TP

	1
	4T4R
	15KHz
	5
	Type A
	TDLB100-400
	1+1(2,11)
	MCS 2
	-0.62

	2
	4T4R
	15KHz
	20
	Type A
	TDLB100-400
	1+1(2,11)
	MCS 2
	-0.49

	3
	4T4R
	15KHz
	50
	Type A
	TDLB100-400
	1+1(2,11)
	MCS 2
	-0.5

	4
	4T8R
	15KHz
	5
	Type A
	TDLB100-400
	1+1(2,11)
	MCS 2
	-4.38

	5
	4T8R
	15KHz
	20
	Type A
	TDLB100-400
	1+1(2,11)
	MCS 2
	-4.31

	6
	4T4R
	15KHz
	50
	Type A
	TDLB100-400
	1+1(2,11)
	MCS 2
	-4.38





Table 2-4：  Initial simulation results  for 4Tx with TDLC300-100 channel
	Case
	Antenna configuration
	SCS
	BW
	Mapping
type
	Channel
	Number of DMRS
	MCS
	SNR@70%TP

	1
	4T4R
	15KHz
	5
	Type A
	TDLC300-100
	1+1(2,11)
	MCS 12
	13.33

	2
	4T4R
	15KHz
	20
	Type A
	TDLC300-100
	1+1(2,11)
	MCS 12
	13.50

	3
	4T4R
	15KHz
	50
	Type A
	TDLC300-100
	1+1(2,11)
	MCS 12
	13.75

	4
	4T4R
	15KHz
	5
	Type A
	TDLC300-100
	1+1(2,11)
	MCS 16
	21.80

	5
	4T4R
	15KHz
	20
	Type A
	TDLC300-100
	1+1(2,11)
	MCS 16
	21.83

	6
	4T4R
	15KHz
	50
	Type A
	TDLC300-100
	1+1(2,11)
	MCS 16
	22.99

	7
	4T8R
	15KHz
	5
	Type A
	TDLC300-100
	1+1(2,11)
	MCS 12
	5.57

	8
	4T8R
	15KHz
	20
	Type A
	TDLC300-100
	1+1(2,11)
	MCS 12
	5.72

	9
	4T8R
	15KHz
	50
	Type A
	TDLC300-100
	1+1(2,11)
	MCS 12
	5.75

	10
	4T8R
	15KHz
	5
	Type A
	TDLC300-100
	1+1(2,11)
	MCS 16
	10.05

	11
	4T8R
	15KHz
	20
	Type A
	TDLC300-100
	1+1(2,11)
	MCS 16
	10.17

	12
	4T8R
	15KHz
	50
	Type A
	TDLC300-100
	1+1(2,11)
	MCS 16
	10.47




Based on our initial results, several observations can be made as follows
· For TDLA30-10 channel condition, the achievable SNR for MCS 17 is very high for CBW with 20MHz and 50MHz around 20dB
· For TDLA channel, large performance difference is existed for different CBW
· For TDLC channel, the achievable SNR for MCS 16 is around with 20dB 
Observation 1: For TDLA channel, the achievable SNR for MCS 17 is very high for CBW with 20MHz and 50MHz around 20dB.
Observation 2: For TDLA channel, large performance difference is existed for different CBW
Observation 3: For TDLC channel, the achievable SNR for MCS 16 is high with around 20dB.
3	Conclusion
In this contribution, the view on remaining issues of test setup for UL 4Tx PUSCH performance requirement was provided.  Meanwhile, based on agreed simulation assumption, the initial simulation results are provided for feasibility checking of different channel, different CBWs and different MCS level.
Proposal 1: Both 4Rx and 8Rx requirement can be considered, only the highest supported Rx is used for testing. If a BS declared to support more than 8 antenna connects (for BS type 1-C) or TAB connectors (for BS type 1-H) (see D.37 in table 4.6-1), the performance requirements test for 8 Rx antenna shall apply, and the specific connectors used for testing are based on manufacturer declaration.
Proposal 2: Only apply TPMI index 0 for UL 4Tx performance requirement definition.
Proposal 3: Only conductive test is considered for UL 4Tx based on current OTA test environment.
Proposal 4: Up to 16QAM MCS level is considered for UL-4-layer transmission requirement definition.
· TDLA30-10: MCS16
· TDLB100-400: MCS 2
· TDLC300-100: MCS 12

Proposal 5: Choose 20MHz CBW for UL-4-layer transmission performance requirement definition. FFS on defining 50MHz CBW requirement with different channel or MCS test cases separately 
Observation 1: For TDLA channel, the achievable SNR for MCS 17 is very high for CBW with 20MHz and 50MHz around 20dB.
Observation 2: For TDLA channel, large performance difference is existed for different CBW
Observation 3: For TDLC channel, the achievable SNR for MCS 16 is high with around 20dB.
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