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1 Introduction
In RAN4#83 meeting, the demodulation performance of Rel-13 non-BL UE with 2Rx and 4Rx was discussed. A WF [1] was agreed and companies were encouraged to provide simulation results to define new demodulation requirements for non-BL UE supporting coverage enhancement with 2Rx/4Rx. In this contribution, we first provide our FDD simulation results for non-BL UE with 2Rx/4Rx under ideal cases, i.e. no impairment is considered. We then share our view on the SNR level and/or repetition level for different test scenarios.

2 [bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Simulation assumptions and results
In [1], it was agreed to re-use the PDSCH simulation assumptions of Cat.M1 in TS 36.101 Section 8.11.1 for simulations of non-BL UEs with 2Rx/4Rx, except the repetition number where it applies.

2.1 Non-BL UE in TM6 with CE Mode A
For TM6 single-layer spatial multiplexing tests, it considers CE mode A with Repetition Number = 1 and Frequency Hopping disabled. And the simulation assumptions are summarised in Table 1 below:

	Test number
	Bandwidth and MCS
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value

	
	
	
	
	
	
	Fraction of Maximum
Throughput (%)
	SNR (dB)

	1
	10MHz
16QAM 1/2
	R.79 FDD
	OP.2 FDD
	EPA5
	2x1 Low
	70%
	8.6

	2
	10MHz
16QAM 1/2
	R.79 FDD
	OP.2 FDD
	EPA5
	2x2 Low
	70%
	[ ]

	3
	10MHz
16QAM 1/2
	R.79 FDD
	OP.2 FDD
	EPA5
	2x4 Low
	70%
	[ ]


Table 1. Simulation assumption for Non-BL UE in TM6 with CE Mode A

Fig.1 below shows the throughput simulation results comparing non-BL UEs with 2Rx/4Rx with Cat.M1 UE.
[image: ]
Fig.1 Normalized Throughput for non-BL UEs and Cat.M1 UE, TM6, FDD, Repetition = 1

Observation 1: 2Rx has about 4dB gain against 1Rx; and 4Rx has about 3dB gain against 2Rx.
Proposal 1: The TM6 FDD reference SNR is about 3dB for 2Rx, and is about -0.5dB for 4Rx.


2.2 Non-BL UE in TM9 with CE Mode A
For TM9 single-layer spatial multiplexing tests, it considers CE mode A with Repetition Number = 8 for Cat.M1 and Frequency Hopping enabled. And the simulation assumptions are summarised in Table 2 below:
	Test number
	Bandwidth and MCS 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value

	
	
	
	
	
	
	Fraction of Maximum
Throughput (%)
	SNR (dB)

	1
	10MHz QPSK 1/3
	R.80 FDD
	OP.2 FDD
	EPA5
	2x1 Low
	70
	-2.0

	2
	10MHz QPSK 1/3
	R.80 FDD
	OP.2 FDD
	EPA5
	2x2 Low
	70
	[ ]

	3
	10MHz QPSK 1/3
	R.80 FDD
	OP.2 FDD
	EPA5
	2x4 Low
	70
	[ ]



Table 2. Simulation assumption for Non-BL UE in TM9 with CE Mode A

Fig.2 below shows the throughput simulation results comparing 2Rx non-BL UE with Cat.M1 UE.
[image: ]
Fig.2 Normalized Throughput for 2Rx non-BL UE and Cat.M1 UE, TM9, FDD

Observation 2: For 2Rx non-BL UE, it can achieve similar operation SNR range to 1Rx UE by reducing the repetition number from 8 to 4.
Observation 3: To achieve the -6dB target SNR, Repetition Number = 8 is needed for 2Rx non-BL UE.
Proposal 2: Choose repetition number = 4 for 2Rx non-BL UE if to keep similar SNR level to 1Rx UE; otherwise, choose repetition number = 8 for 2Rx non-BL UE to meet the -6dB SNR target.

Fig.3 below shows the throughput simulation results comparing 4Rx non-BL UE with Cat.M1 UE.
[image: ]
Fig.3 Normalized Throughput for 2Rx non-BL UE and Cat.M1 UE, TM9, FDD

Observation 4: For 4Rx non-BL UE, it can achieve similar operation SNR range to 1Rx UE by reducing the repetition number to 2.
Observation 5: To achieve the -6dB target SNR, Repetition Number = 4 is needed for 4Rx non-BL UE.
[bookmark: _GoBack]Proposal 3: Choose repetition number = 2 for 4Rx non-BL UE if to keep similar SNR level to 1Rx UE; otherwise, choose repetition number = 4 for 4Rx non-BL UE to meet the -6dB SNR target.

2.3 Non-BL UE in TM2 with CE Mode A and CE ModeB
For TM2 transmit diversity tests, it first considers CE ModeB with Repetition Number = 64 for Cat.M1 and Frequency Hopping enabled. Then, it considers CE ModeA with Repetition Number = 1 and Frequency Hopping disabled. The simulation assumptions are summarised in Table 3 below:

	Test number
	Bandwidth and MCS 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value

	
	
	
	
	
	
	Fraction of Maximum
Throughput (%)
	SNR (dB)

	CE ModeB
1
	10MHz QPSK 1/10
	R.81 FDD
	OP.2 FDD
	ETU1
	2x1 Low
	70
	-13.5

	CE ModeB
2
	10MHz QPSK 1/10
	R.81 FDD
	OP.2 FDD
	ETU1
	2x2 Low
	70
	[ ]

	CE ModeB
3
	10MHz QPSK 1/10
	R.81 FDD
	OP.2 FDD
	ETU1
	2x4 Low
	70
	[ ]

	

	CE
ModeA
1
	10MHz 16QAM 1/2
	R.79 FDD
	OP.2 FDD
	EPA5
	2x1 Low
	70
	9.4

	CE
ModeA
2
	10MHz 16QAM 1/2
	R.79 FDD
	OP.2 FDD
	EPA5
	2x2 Low
	70
	[ ]

	CE
ModeA
3
	10MHz 16QAM 1/2
	R.79 FDD
	OP.2 FDD
	EPA5
	2x4 Low
	70
	[ ]



Fig.4 below shows the throughput simulation results comparing 2Rx/4Rx non-BL UE with Cat.M1 UE in CE ModeB.
[image: ]
Fig.4 Normalized Throughput for 2Rx/4Rx non-BL UEs and Cat.M1 UE, TM2, FDD, CE ModeB

Observation 6: For 1Rx UE in CE ModeB with Repetition Number = 64, 2Rx UE requires 1/2 and 4Rx UE requires 1/4 of 64 repetition to achieve similar SNR performance to 1Rx UE, as well as achieve -15dB SNR target.
Proposal 4: Choose repetition number = 32 for 2Rx non-BL UE; and repetition number = 16 for 4Rx non-BL UE.

Fig.5 below shows the throughput simulation results comparing 2Rx/4Rx non-BL UE with Cat.M1 UE in CE ModeA and Repetition Number = 1.
[image: ]
Fig.5 Normalized Throughput for 2Rx/4Rx non-BL UEs and Cat.M1 UE, TM2, FDD, CE ModeA

Observation 7: 2Rx has about 4dB gain against 1Rx; and 4Rx has about 3dB gain against 2Rx.
Proposal 5: For the TM2, CE ModeA, FDD, reference SNR is about 5dB for 2Rx, and is about 2dB for 4Rx.

3 Conclusion 
In this contribution, we first provide our FDD simulation results for non-BL UE with 2Rx/4Rx under ideal cases, i.e. no impairment is considered. We then share our view on the SNR level and/or repetition level for different test scenarios.

Proposal 1: The TM6 FDD reference SNR is about 3dB for 2Rx, and is about -0.5dB for 4Rx.
Proposal 2: Choose repetition number = 4 for 2Rx non-BL UE if to keep similar SNR level to 1Rx UE; otherwise choose repetition number =8 for 2Rx non-BL UE to meet the -6dB SNR target.
Proposal 3: Choose repetition number = 2 for 4Rx non-BL UE if to keep similar SNR level to 1Rx UE; otherwise, choose repetition number =4 for 4Rx non-BL UE to meet the -6dB SNR target.
Proposal 4: Choose repetition number = 32 for 2Rx non-BL UE; and repetition number = 16 for 4Rx non-BL UE.
Proposal 5: For the TM2, CE ModeA, FDD, reference SNR is about 5dB for 2Rx, and is about 2dB for 4Rx.

4 Reference
[1] R4-1706196, “WF on requirements for Rel-13 Non-BL UE”, Huawei, HiSilicon, Ericsson, Intel Corporation, Qualcomm, May 2017.
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