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1 Introduction

In the last RAN4#76 meeting, WF on layer 3 and 4 demodulation requirements was agreed [1]. In this contribution, we provide our views about test requirements based on simulation results for 4 Rx Layer 3 and 4 demodulation requirements based on agreed WF.
2 Discussion
2.1 Demodulation tests of layer 3/4

For simulation assumptions, we reused presented assumption (for information) on WF [1].

Table 1.  Simulation assumptions for demodulation tests of layer 3/4
	Transmission mode
	TM3
	TM4
	TM9

	Bandwidth
	10MHz

	Scheduled PRB
	50PRB

	CCH symbol
	1 or 2

	Antenna configuration
	Option 1: 4x4 low
Option 2: 4x4, New medium cross-polarized for 3 layer

	Propagation channel
	EVA70
	EPA5
	EPA5

	CRS configuration
	Port 0,1,2,3
	Port 0,1,2,3
	Port 0,1

	DMRS configuration
	-
	-
	Port 7,8,9,10

	CSI-RS configuration
	-
	-
	Port 15,16,17,18

	scheduled subframe
	[1 2 3 4 6 7 8 9]

	CSI feedback
	-
	PUCCH 1-1
	PUCCH 1-1

	Beamforming model
	-
	Followed
wideband PMI
	Followed wideband PMI

	Layer number
	Option 1: Layer 3;
Option 2: Layer 4

	MCS
	Option 1: [MCS14];
Option 2: 256QAM for TM9
Option3: others


In addition to above simulation assumption, we use following addition assumptions;

· realistic channel and noise estimation
· 3% of Tx EVM.
· 2 CWs are used with same MCS level

· For layer 3, 2 Layer are assigned on CW1, 1 Layer is assigned on CW2

· For layer 4, 2 Layers are assigned for both CW1 and 2.

· Additional assumption for TM4/9

· Codebook restriction bitmap : 0000FFFF00000000 (for Layer 3), FFFF000000000000 (for Layer 4)

· PMI delay : 8 ms

· CSI-RS periodicity and subframe offset : 5 / 2

· 256QAM MCS level for TM9 : MCS20 with 1 CCH symbol
Since 3 % of Tx EVM was decided as baseline assumption in 4 Rx requirement during previous meeting, maximum achievable ideal SNR will be about 31 dB. If we consider any additional margin including alignment and impairment, practically required SNR should be much lower at lease under 25 dB as we already did in 256QAM WI. Thus, we marked infeasible SNR point of each test as red color.
For TM3 with 64QAM performance, simulation results in respect of different CFI value and antenna configurations are presented in Figure 1 and Table 2.
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Figure 1. Simulation results for TM3 64QAM
Table 2. Required SNR of 70% target T-put for TM3 64QAM
	SNR70 [dB]
	Layer 3
	Layer 4

	
	4x4 ULA
	4x4 XP Mid
	4x4 ULA
	4x4 XP Mid

	
	CFI1
	CFI2
	CFI1
	CFI2
	CFI1
	CFI2
	CFI1
	CFI2

	
	8.92
	9.41
	10.58
	10.94
	12.96
	13.81
	14.86
	15.93


For TM4 with 64QAM performance, simulation results in respect of different CFI value and antenna configurations are presented in Figure 2 and Table 3.
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Figure 2. Simulation results for TM4 64QAM
Table 3. Required SNR of 70% target T-put for TM4 64QAM
	SNR70 [dB]
	Layer 3
	Layer 4

	
	4x4 ULA
	4x4 XP Mid
	4x4 ULA
	4x4 XP Mid

	
	CFI1
	CFI2
	CFI1
	CFI2
	CFI1
	CFI2
	CFI1
	CFI2

	
	8.39
	8.66
	9.47
	10.30
	14.32
	15.22
	16.40
	16.84


For TM9 with 64QAM performance, simulation results in respect of different CFI value and antenna configurations are presented in Figure 3 and Table 4.
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Figure 3. Simulation results for TM9 64QAM
Table 4. Required SNR of 70% target T-put for TM9 64QAM
	SNR70 [dB]
	Layer 3
	Layer 4

	
	4x4 ULA
	4x4 XP Mid
	4x4 ULA
	4x4 XP Mid

	
	CFI1
	CFI2
	CFI1
	CFI2
	CFI1
	CFI2
	CFI1
	CFI2

	
	10.56
	11.54
	12.33
	13.09
	17.58
	19.13
	19.49
	20.92


Based on above 3 types of simulation results for TM3, TM4, and TM9, we found followings;

Observation 1. Using 2 CCH symbol need additional performance loss up to 1 dB for layer 3 and 1.5 dB for layer 4 compared to 1 CCH symbol cases.

Observation 2. Using antenna configuration of 4x4 XP with new medium correlation need additional performance loss up to 1.5 dB for layer 3 and 2 dB for layer 4 compared to antenna configuration of 4x4 ULA with low correlation.

Observation 3. Even if we consider 3 % EVM and impairment margin, all test case seems feasible at least MCS14 with 64 QAM case.

For 256QAM performance, simulation results in respect of different CFI value and antenna configurations are presented in Figure 4 and Table 5.
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Figure 4.  Simulation results for MCS20 with 256QAM

Table 5. Required SNR of 70% target T-put for MCS20 with 256QAM
	SNR70 [dB]
	TM3 EVA70
	TM4 EPA4
	TM9

	
	4x4 ULA
	XP Mid
	4x4 ULA
	XP Mid
	4x4 ULA
	XP Mid

	
	L3
	L4
	L3
	L4
	L3
	L4
	L3
	L4
	L3
	L4
	L3

	
	22.16
	28.35
	23.50
	N.A
	20.92
	28.82
	22.21
	N.A
	24.10
	N.A
	25.54


Based on above simulation results for MCS20 with 256QAM, we found followings;

Observation 4. For Layer 3 with 256QAM, all simulated TMs seem feasible.
Observation 5. For Layer 4 with 256QAM, all simulated TMs seem infeasible because of its too much high geometry.
For antenna configuration of XP, we observed that all simulation seems feasible even if we introduce XP configuration. But anyway, we think that it is hard to implement not only low correlated ULA antenna with but also XP antenna in 4 Rx UE. Since all test requirements in RAN4 are based on connected test, actual antenna implementation of UE doesn’t reflected on RAN4 performance and there could exist rather large performance gap between real field and RAN4 requirement. At this time, we don’t have any preference between antenna configuration of ULA and XP in terms of its test feasibility, but we believe RAN4 requirement should reflect realistic environment as much as possible.
2.2 SDR test

For simulation assumptions, we reused presented assumption (for information) on WF [1].
Table 6. Simulation assumptions for SDR test of 4 Rx
	Transmission mode
	TM3/TM4

	Bandwidth
	10MHz/20MHz

	Scheduled PRB
	50PRB/100PRB

	CCH symbol
	1

	Antenna configuration
	4x4

	Propagation channel
	AWGN*

	CRS configuration
	Port 0,1,2,3

	DMRS configuration
	-

	CSI-RS configuration
	-

	scheduled subframe
	[1 2 3 4 6 7 8 9]

	Overhead 
	-

	CSI feedback
	-

	Beamforming model
	-

	Layer number
	4 layers

	Modulation order
	64QAM/256QAM

	Coding rate
	TBD


In addition to above simulation assumption, we use following addition assumptions;
· realistic channel and noise estimation
· 3% of Tx EVM.

· Used MCS : MCS27/28 for 64QAM, MCS26/27 for 256QAM

· 2 CWs are used with same MCS level
· 2 layers are assigned for both CW1 and 2.
· Propagation condition of AWGN
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For SDR performance with TM3, simulation results in respect of different MCS level are presented in Figure 5 and Table 7.
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Figure 5. Simulation results for SDR test (TM3 50 RB at 4x4 AWGN)

Table 7. Required SNR in respect of various TB success rate for SDR test

	TB success
rate [%]
	64QAM
	256QAM

	
	MCS27
	MCS28
	MCS26
	MCS27

	70%
	17.44
	21.47
	23.41
	28.40

	75%
	17.55
	21.60
	23.51
	28.55

	80%
	17.66
	21.73
	23.61
	28.70

	85%
	17.76
	21.86
	23.71
	28.85

	90%
	17.87
	21.99
	23.82
	29.00

	95%
	17.98
	22.74
	23.92
	29.74


Based on above simulation results for SDR, we found followings;

Observation 6. For 64QAM, MCS28 seems feasible regardless of any TB success rate.
Observation 7. For 256QAM, MCS26 seems feasible regardless of any TB success rate.
3 Conclusion
In this contribution, we provide our views about test requirements based on simulation results for 4 Rx Layer 3 and 4 demodulation requirements based on agreed WF. Based on simulation results, we observed followings;
For demodulation test of layer 3 and 4,

Observation 1. Using 2 CCH symbol need additional performance loss up to 1 dB for layer 3 and 1.5 dB for layer 4 compared to 1 CCH symbol cases.

Observation 2. Using antenna configuration of 4x4 XP with new medium correlation need additional performance loss up to 1.5 dB for layer 3 and 2 dB for layer 4 compared to antenna configuration of 4x4 ULA with low correlation.

Observation 3. Even if we consider 3 % EVM and impairment margin, all test case seems feasible at least MCS14 with 64 QAM case.

For demodulation test with 256 QAM
Observation 4. For Layer 3 with 256QAM, all simulated TMs seem feasible.
Observation 5. For Layer 4 with 256QAM, all simulated TMs seem infeasible because of its too much high geometry.
For SDR test based on simulation results,

Observation 6. For 64QAM, MCS28 seems feasible regardless of any TB success rate.
Observation 7. For 256QAM, MCS26 seems feasible regardless of any TB success rate.
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