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1. Introduction

In RAN4#75 meeting, PDSCH demodulation requirements for DL 4Rx were discussed, but no agreement was reached. It is proposed to introduce sustained data rate test using 4Rx antennas. In this contribution, we provide our considerations and proposals on 4Rx SDR test requirements.
2. Discussion
The purpose of sustained data rate test is to verify to correctly process the maximum DL-SCH transport block received within a TTI for the UE category indicated. And the TB size per TTI corresponds to the largest possible DL-SCH transport block using the maximum number of layers for spatial multiplexing. Due to introduction of 4Rx antennas, the maximum number of layers of downlink PDSCH increases up to 4 layers. Thus, it is necessary to verify the TB success rate with 4 layers under a sustained data rate for DL 4Rx.
Proposal1: It is necessary to introduce 4 layers SDR test for DL 4Rx.

In the existing SDR test cases, transmission mode 3 and 2x2 antenna configuration is used for 2 layers. Although TM3 supports 4 layers CDD, only UE category 5, 8, 14 can be applied in TM3 with 4 layers based on the current specifications. It needs to be further studied by RAN1, RAN2 and RAN4 that more UE categories can be applied for TM3 4 layers. On the other hand, transmission mode 9 is applicable for all the UE categories supporting 4 layers. Thus, we propose to use TM9 and 4x4 antenna configuration for 4Rx SDR test. 
Proposal2: Use TM9 and 4x4 antenna configuration for 4Rx SDR test.

In aspect of modulation mode, UE category 6, 7, 11, 13, 14 support up to 256QAM and the other UE categories support up to 64QAM. These two modulation orders will generate different sustained data rates. Accordingly, SDR test requirements respectively include 64QAM case and 256QAM case in specifications. Therefore, for 4Rx SDR test, 64QAM and 256QAM should be covered.
Proposal3: Both 64QAM and 256QAM should be covered.

As the above proposal, 4x4 antenna and 4 layers are considered for 4Rx SDR test. It is known that 4Tx antennas and 4Rx antennas can improve the performance of UE demodulation. However, compared with 2 layers transmission, the data power per layer of 4 layers transmission has been halved. Moreover, under transmission mode 9, the payload of DMRS of 24REs per RB and periodic CSI-RS directly increases the code rate of PDSCH data. Thus, these two points of difference will make 4 layers PDSCH demodulation more difficult. Hence, for 4Rx SDR test, the selection of MCS order needs to be further investigated.
Table 1 gives the actual code rate of maximum MCS and maximum-1 MCS for TM9 4 layers for 64QAM and 256QAM, respectively. The statistic indicates that the actual code rate is larger than 1 under maximum MCS order for both 64QAM and 256QAM. Hence, the maximum MCS order should be concluded for 4Rx SDR test with 4 layers.
Observation1: The actual code rate of maximum MCS is larger than 1 for both 64QAM (MCS28) and 256QAM (MCS27). 
Table 1 Code rate of maximum and maximum-1 MCS for TM9 4 layers (Normal subframe, 2 CRS ports, 4 DMRS ports)
	Bandwidth

(MHz)
	64QAM
	256QAM

	
	MCS Index
	Modulation information bits
	Transport block size
	Actual code rate
	MCS Index
	Modulation information bits
	Transport block size
	Actual code rate

	5
	28
	18000
	18336
	1.0187
	27
	24000
	24496
	1.0207

	10
	
	36000
	36696
	1.0193
	
	48000
	48936
	1.0195

	15
	
	54000
	55056
	1.0196
	
	72000
	75376
	1.0469

	20
	
	72000
	75376
	1.0469
	
	96000
	97896
	1.0197

	5
	27
	18000
	15840
	0.8800
	26
	24000
	21384
	0.8910

	10
	
	36000
	31704
	0.8807
	
	48000
	42368
	0.8827

	15
	
	54000
	46888
	0.8683
	
	72000
	63776
	0.8858

	20
	
	72000
	63776
	0.8858
	
	96000
	84760
	0.8829


Figure 1 and figure 2 show the throughput performance of different MCS orders with 4 layers for 64QAM and 256QAM, respectively. Simulation parameters are based on the existing SDR test cases. 
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Figure 1 Normalized throughput for TM9 4 layers with 64QAM
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Figure 2 Normalized throughput for TM9 4 layers with 256QAM

Table 2 gives the SNR corresponding to 85% of TB success rate.
Table 2 SNR corresponding to 85% of TB success rate

	Bandwidth

(MHz)
	TB success rate
	SNR (dB)

	
	
	64QAM
	256QAM

	
	
	MCS27
	MCS26
	MCS26
	MCS23
	MCS22
	MCS21

	5
	85%
	25.6
	23.7
	-
	27.4
	26.1
	24.9

	10
	85%
	25.8
	24.1
	-
	27.9
	27.3
	25.5

	15
	85%
	26.1
	24.2
	-
	28.2
	27.4
	25.5

	20
	85%
	27.1
	25.3
	-
	28.4
	27.4
	25.7


From the simulation results, it can be observed that: For MCS26 of 256QAM, TB success rate cannot reach 50% before 30dB of SNR. For MCS27of 64QAM and MCS22~MCS25 of 256QAM, the SNR at 85% TB success rate is too high. Considering impairment margin, such the requirements cannot be performed in practical network. So we propose to select MCS26 for 64QAM and MCS21 for 256QAM for TM9 4 layers SDR test.
Observation2: For 64QAM, MCS27 cannot meet the requirements of TB success rate and the related SNR for TM9 4 layers SDR test.
Observation3: For 256QAM, MCS22~MCS26 cannot meet the requirements of TB success rate and the related SNR for TM9 4 layers SDR test. 

Proposal4: It is proposed to select MCS26 for 64QAM and MCS21 for 256QAM for TM9 4 layers SDR test.
3. Conclusion
In this contribution, we provide the considerations and analysis on 4Rx SDR test. And based on the analysis, the related observations and proposals can be summarized as below:
Observation1: The actual code rate of maximum MCS is larger than 1 for both 64QAM (MCS28) and 256QAM (MCS27).
Observation2: For 64QAM, MCS27 cannot meet the requirements of TB success rate and the related SNR for TM9 4 layers SDR test.

Observation3: For 256QAM, MCS22~MCS26 cannot meet the requirements of TB success rate and the related SNR for TM9 4 layers SDR test.
Proposal1: It is necessary to introduce 4 layers SDR test for DL 4Rx.

Proposal2: Use TM9 and 4x4 antenna configuration for 4Rx SDR test.

Proposal3: Both 64QAM and 256QAM should be covered.

Proposal4: It is proposed to select MCS26 for 64QAM and MCS21 for 256QAM for TM9 4 layers SDR test.
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