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1. Introduction
In RAN #96, a new RAN4 WI “NR_ENDC_RF_FR1_enh2” was approved [1]. 
In RAN4#106 meeting, initial test scope and simulation assumptions for 4Tx BS demodulation requirements have agreements in WF [2], which are summarized in the below. In this contribution, we share our further analysis based on simulation results.
Topic 1: Test Scope
Sub-topic 1-1: Test scope
Agreement: Only consider PUSCH requirement.
Sub-topic 1-2 Scope for PUSCH
Agreement: Only consider basic feature of Rel-15
Sub-topic 1-3 Duplex mode
Agreement: Requirements are applicable for both TDD and FDD. Here, simulations are done for FDD.
Topic 2: PUSCH requirement
Sub-topic 2-2 MIMO layers
Agreement: Only consider rank 4 for performance requirements definition.
Sub-topic 2-3 PUSCH mapping type
Agreement: Define requirements for both PUSCH Type A and Type B, but BS can conduct testing for one of the requirements based on BS manufacture declaration.
Sub-topic 2-4 Propagation conditions
Agreement: 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
Sub-topic 2-6 Antenna configuration
Agreement: For initial simulation, use both 4x4 and 4x8 configuration.
Sub-topic 2-7 DM-RS configuration
Agreement: Only additional DM-RS pos1 is defined for 4Tx demodulation requirements.
Sub-topic 2-9 Transform precoding
Agreement：Only transform precoding disabled (CP-OFDM) will be introduced for performance requirements definition.
Sub-topic 2-10 Test metric
Agreement: Use 70% of maximum throughput as the test metric for performance requirement definition.

2. Discussion
2.1	TPMI index
Sub-topic 2-8 Precoding
Agreement: 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. 

With regards to TPMI = 0 and TPMI = 4, it was proposed in [3] to utilize both indices for vehicular case scenario due to high doppler shift concern. Therefore, we simulated both TPMI indices for TDLB100-400 and TDLC300-100 propagation channels. But we observed similar results for both TPMI values from [2] and also shown in Figure 1 and 2, for 15kHz sub-carrier spacing (SCS) 5 MHz channel bandwidth (CBW) and 30kHz SCS 10 MHz CBW, respectively.  
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Figure 1: Comparative results with TPMI= 0 and 4, for 15KHz SCS and 5MHz CBW  
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Figure 2: Comparative results with TPMI= 0 and 4, for 30KHz SCS and 10MHz CBW  
Observation 1:  	No performance difference between TPMI 0 and 4.
Proposal 1: 	Only use TPMI = 0 for the performance requirements of 4Tx demodulation. 

2.2	MCS
Sub-topic 2-5 MCS
Agreement: Use MCS table 1 for the evaluation. The following MCS can be used as starting point for evaluation.
· TDLA30-10: MCS16, MCS17 and MCS20
· TDLB100-400: MCS2
· TDLC300-100: MCS12 and MCS16

With regards to propagation conditions, following channel models were considered for simulations: TDLA30-10, TDLC300-100 and TDLB100-400. A comparison for 2Tx results of SNR@70% throughput [in dB] for PUSCH mapping type A between [2] and section 8.2.1 in [4], in Table 1. 
Table 1: Comparison of target SNR values for different PUSCH configurations 
	SCS and CBW
	MCS and Channel
	PUSCH 2T2R
	PUSCH 2T4R
	PUSCH 4T4R
	PUSCH 4T8R

	15 KHz, 5 MHz
	2, TDLB100-400
	1
	-2.3
	-1.1
	-4.65

	
	16, TDLC300-100
	18.2
	11
	18.18
	9.40

	
	12, TDLC300-100
	
	
	12.14
	5.29

	
	16, TDLA30-10
	
	
	15.74
	7.86

	
	17, TDLA30-10
	
	
	16.27
	8.56

	
	20, TDLA30-10
	
	
	19.44
	11.18

	15 KHz, 20 MHz
	2, TDLB100-400
	2.1
	-1.8
	-0.88
	-4.61

	
	16, TDLC300-100
	18.3
	11.1
	18.46
	9.44

	
	12, TDLC300-100
	
	
	12.17
	5.26

	
	16, TDLA30-10
	
	
	16.82
	8.24

	
	17, TDLA30-10
	
	
	17.28
	8.9

	
	20, TDLA30-10
	
	
	21.55
	11.78

	15 KHz, 50 MHz
	2, TDLB100-400
	
	
	-0.92
	-4.66

	
	16, TDLC300-100
	
	
	19.12
	9.64

	
	12, TDLC300-100
	
	
	12.26
	5.23

	
	16, TDLA30-10
	
	
	18.07
	8.64

	
	17, TDLA30-10
	
	
	18.42
	9.33

	
	20, TDLA30-10
	
	
	23.34
	12.13

	30 KHz, 10 MHz
	2, TDLB100-400
	1.3
	-2.2
	-1.05
	-4.42

	
	16, TDLC300-100
	18.4
	11.2
	19.34
	9.91

	
	12, TDLC300-100
	
	
	12.49
	5.26

	
	16, TDLA30-10
	
	
	15.71
	8.06

	
	17, TDLA30-10
	
	
	16.2
	8.69

	
	20, TDLA30-10
	
	
	19.12
	11.19

	30 KHz, 100 MHz
	2, TDLB100-400
	1.4
	-2.2
	-1.25
	-4.48

	
	16, TDLC300-100
	19.2
	11.6
	20
	10.25

	
	12, TDLC300-100
	
	
	13.51
	5.50

	
	16, TDLA30-10
	
	
	17.33
	8.55

	
	17, TDLA30-10
	
	
	17.73
	9.28

	
	20, TDLA30-10
	
	
	22.39
	12.22



We compared minimum and maximum CBW defined per SCS according to [4]. We observed:
· For TDLB100-400 with MCS2, the results look feasible and aligned with 2Tx performance results from Table 1. 
· For TDLC300-100, both MCS 12 and MCS 16 look feasible. But MCS 16 would be a better choice to check the performance since the results are also aligned with 2Tx performance as shown in Table 1.
For TDLA30-10, a large performance difference is observed between different CBW for 4T4R. It will cause problem when using current applicability rule on channel bandwidth because the applied requirement might not reflect the real performance of target CBW. Compared with MCS20 (up to 4dB variance), both MCS 16 and 17 have less than 2dB difference. But MCS 17 would be a better choice for the requirement since the higher modulation could be tested. 
Observation 2: 		The performance difference between different CBW of MCS20 with TDLA30-10 is up to 4dB. 
[bookmark: _Hlk131174996]Proposal 2: 	Take following MCS values for 4Tx demodulation requirements.
· TDLB100-400: MCS 2
· TDLC300-100: MCS 16
· TDLA30-10: MCS 17

2.3	CBW
Sub-topic 2-1 Bandwidth and SCS
Agreement: 
· 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

As our simulation results showed above, there are relatively large performance difference between minimum and maximum CBW per SCS for 64QAM with 4T4R configuration. For MCS17, there are ~2dB between 15kHz SCW 5MHz and 50MHz while 1.5dB between 30kHz SCS 10MHz and 100MHz CBW. Companies should check this by simulations and decide if more CBW requirements should be considered rather than only min and max CBW requirements.
[bookmark: _Hlk131780081]Proposal 3: 	Companies check if performance difference between CBW would be an issue by simulation. If yes, more CBW requirements could be considered, for example: 
· 15kHz SCS: 5/20/50MHz
· 30kHz SCS: 10/40/100MHz

2.4	Applicability rule
The applicability rule of Rx antenna as defined in Section 8.1.2.0 of [5] states that, “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.” This implies, 2Rx requirements will be applied for a BS which supports more than 4Rx. But the 4Tx2Rx configuration supports only 2 layers which is out of the WI scope in [1]. Companies agreed to only introduce 4 layers demodulation requirements. 
[bookmark: _Hlk131175049]Observation 3:  	There is no tests for 4Tx2Rx based on agreement while the current applicability rule would test it.  
 To avoid misunderstanding, new applicability rule for 4Tx could be introduced. Below statement could ban example:  
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 4 Tx antenna tests with low MIMO correlation level shall apply only for the 4 connectors and the highest numbers of supported connectors, and the specific connectors used for testing are based on manufacturer declaration.
Proposal 4:  	RAN4 consider new applicability rule for 4Tx demodulation requirements.

3. Observations and Proposals
Observation 1:  	No performance difference between TPMI 0 and 4.
Proposal 1: 	Only use TPMI = 0 for the performance requirements of 4Tx demodulation. 
Observation 2:  	The performance difference between different CBW of MCS20 with TDLA30-10 is up to 4dB. 
Proposal 2: 	Take following MCS values for 4Tx demodulation requirements.
· TDLB100-400: MCS 2
· TDLC300-100: MCS 16
· TDLA30-10: MCS 17
Proposal 3: 	Companies check if performance difference between CBW would be an issue by simulation. If yes, more CBW requirements could be considered, for example: 
· 15kHz SCS: 5/20/50MHz
· 30kHz SCS: 10/40/100MHz
Observation 3:  	There is no tests for 4Tx2Rx based on agreement while the current applicability rule would test it.  
Proposal 4:  	RAN4 consider new applicability rule for 4Tx demodulation requirements.
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