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1 Introduction

In last RAN4 meeting, NAICS core part discussion was completed with just remaining of CR approval in RAN1 and high layer signaling for NAICS was agreed. Based on the agreement, RAN4 NAICS demodulation performance part remains. Based on WID [1] of NAICS, considerations to define performance requirement for NAICS receiver are as follows:

· Define unified performance requirement for NAICS receiver
· Ensure no performance loss compared to LMMSE-IRC receiver in all interference PDSCH scenarios
This contribution provides our views on the above two issues and test case for demodulation performance requirement for NAICS receiver.
2 Performance requirement for NAICS receiver
2.1 Unified performance requirement
To unify performance requirement for NAICS receiver, one reference receiver could be considered. However, in RAN4 NAICS WI, multiple NAICS receivers such as R-ML, SLIC, and ELMMSE-IRC receiver are considered to verify NAICS performance gain. In general, these receivers have better performance than baseline receiver. However, since ELMMSE-IRC receiver achieves quite lower performance gain than R-ML and SLIC receivers, ELMMSE-IRC receiver is inappropriate to define performance requirement for NAICS. 
· Proposal 1: ELMMSE-IRC receiver should be excluded to define performance requirement for NAICS.
Although R-ML receiver generally shows better performance than SLIC receiver, both R-ML and SLIC receivers has noticeable performance gain in comparison with baseline receiver. And performance gain of R-ML and SLIC receivers depends on interference condition and receiver implementations such blind detection algorithms. Therefore, both R-ML and SLIC receivers should be considered as NAICS reference receiver. 
· Proposal 2: Both R-ML and SLIC receivers should be considered as NAICS reference receiver.

As performance requirement, two options to define unified performance requirement with multiple reference receivers can be considered as follows:
· Option 1: Take average performance of both R-ML and SLIC receiver

· Option 2: Take minimum performance between R-ML and SLIC receivers similar to SU-MIMO case
Between the two options, if performance difference between R-ML and SLIC receiver is not large, these are reasonable approaches to unify performance requirement. If noticeable performance gap between receivers is observed, option 2 is reasonable since it is difficult to satisfy both R-ML and SLIC receivers by option 1 based performance requirement.
· Proposal 3: For unified performance requirement, it should take minimum performance between R-ML and SLIC receivers.
2.2 NAICS fallback operation
To ensure no performance loss compared to LMMSE-IRC receiver, NAICS receiver should consider fallback operation. In some interference scenarios such as low INR and high rank, NAICS receiver has no performance gain in comparison with baseline receiver. Dual decoding capability has been proposed as one possible approach for robust NAICS operations [2]. However, additional decoding process can introduce increased power consumption and complexity in UE implementation perspective. Considering implementation complexity and receiver structures, various approaches for fallback operation to verify robustness NAICS receiver are available. Therefore, to verify the robustness of a NAICS receiver, it is not necessary to mandate specific fallback operation, and NAICS fallback operation should be a UE implementation issue. Then, one worst test case such as non-colliding CRS or low INR condition can be utilized to verify no performance loss compared to LMMSE-IRC receiver.
· Proposal 4: NAICS fallback operation should be UE implementation issue.
3 Test scenarios
To verify NAICS performance gain, various interference conditions should be considered as follows:
· Homogeneous and heterogeneous network 

· Various transmission mode between serving and interference cells

· Parameters of interference PDSCH

3.1 Network scenario

Targeted network deployment scenarios for NAICS are homogeneous and heterogeneous networks, and in NAICS SI, RAN4 evaluated INR from two dominant interfering cells under various geometries and RU in homogeneous and heterogeneous networks. In general, dominant interfering cell has non-colliding CRS with serving cell in homogeneous network, and in heterogeneous network, dominant interfering cell could have colliding CRS with serving cell. Therefore, considering both network scenarios, colliding and non-colliding CRS scenarios should be considered for NAICS performance requirement. Table 6‑2 shows that SLIC receiver has reasonable performance gain with high INR under and non-colliding CRS case.
· Observation 1: Colliding and non-Colliding CRS network scenarios should be considered for NAICS performance requirement.

3.2 Transmission mode

In last meeting, higher layer signaling for transmission mode to present supported TMs was defined. Supported TMs can be TM1, TM2, TM3, TM4, TM6, TM8, TM9, and TM10. TM2 can be used as a fallback mode, and NAICS receiver blindly detects various TMs for interference PDSCH. Therefore, different TMs between serving and interfering cells should be considered, and especially TM2 used as fallback mode should be included in both serving and interference cells. TM4 for CRS based TM, TM9 for DMRS based TM, and TM2 for fallback mode TM can represent TMs for performance requirement. Table 6‑1 shows throughput performance gain for TM2-TM2 case, and Table 6‑3~Table 6‑5 show that SLIC receiver provide reasonable performance gain under different TM between serving and interference cells except some interference conditions.  
· Observation 2: TM2, TM4, and TM9 can be used on behalf of fallback TM mode, CRS and DMRS based TM for performance requirement.

3.3 Parameters of interference PDSCH
RAN4 evaluated NAICS performance gain under various modulation order, rank, and INR during several meetings. General observations are as follows:

· NAICS performance gain for interference with high modulation order is less than that for interference with low modulation order.

· NAICS performance gain under high rank interference is less than that under low rank interference.

· At high INR, noticeable NAICS performance gain is observed. 

Since difference of NAICS performance gain between best interference condition (i.e., high INR, and low modulation order and rank) and worst interference condition (i.e., low INR, and high order modulation and rank) is large, interference condition for performance requirement should be able to cover these variations. Possible approaches for interference condition setting are 

· Option 1: Assign each combination of modulation order (QPSK, 16QAM, and 64QAM) and rank (RI 1 and 2) assigns in n RBs of interference PDSCH. 
· Option 2: Reuse dynamic interference PDSCH model in Phase II of NAICS SI. 
· Observation 3: Interference condition for performance requirement should be able to cover various modulation order and rank since NAICS performance gain depends on modulation order, rank, and INR of interference PDSCH. And high INR is suitable for discriminating NAICS receiver and baseline receiver.
3.4 Proposed test case scenarios

Based on the above observations, we propose test case scenarios for NAICS performance requirement in the following. 
· Test1: 
Test TM2 for fallback TM mode
	
	
	serving
	Interf. 1
	Interf. 2

	Channel
	
	2X2 EPA5

	TM
	
	TM2
	TM2
	TM4

	INR
	dB
	
	13.91
	3.34

	Cell ID
	
	0
	6
	1

	MCS
	
	5
	Option 1 or 2 in 3.3

	rank
	
	1
	


· Test2: 
Test for non-colliding CRS with TM4 serving and interference cell
	
	
	serving
	Interf. 1
	Interf. 2

	Channel
	
	2X2 EPA5

	TM
	
	TM4
	TM4
	TM4

	INR
	dB
	
	13.91
	3.34

	Cell ID
	
	0
	1
	6

	MCS
	
	5
	Option 1 or 2 in 3.3

	rank
	
	1
	


· Test3: 
Test for mixed TM with TM4 serving and TM9 (TM2) interference cell
	
	
	serving
	Interf. 1
	Interf. 2

	Channel
	
	2X2 EPA5

	TM
	
	TM4
	TM9
	TM2

	INR
	dB
	
	13.91
	3.34

	Cell ID
	
	0
	6
	1

	MCS
	
	5
	Option 1 or 2 in 3.3

	rank
	
	1
	


· Test4: 
Test for mixed TM and NAICS fallback operation with TM9 serving and TM4 (TM2) interference cell
	
	
	serving
	Interf. 1
	Interf. 2

	Channel 
	
	2X2 EPA5

	TM
	
	TM9
	TM4
	TM2

	INR
	dB
	
	13.91
	3.34

	Cell ID
	
	0
	6
	1

	MCS
	
	5
	Option 1 or 2 in 3.3

	rank
	
	1
	


4 Conclusion 
In this contribution, we provide our views on reference receiver and test scenarios to define performance requirement. 
For reference receiver,

· Proposal 1: ELMMSE-IRC receiver should be excluded to define performance requirement for NAICS.
· Proposal 2: Both R-ML and SLIC receivers should be considered as NAICS reference receiver.
· Proposal 3: For unified performance requirement, it should take minimum performance between R-ML and SLIC receivers.

· Proposal 4: NAICS fallback operation should be UE implementation issue.
For test scenarios,
· Observation 1: Colliding and non-Colliding CRS network scenarios should be considered for NAICS performance requirement.
· Observation 2: TM2, TM4, and TM9 can be used on behalf of fallback TM mode, CRS and DMRS based TM for performance requirement.

· Observation 3: Interference condition for performance requirement should be able to cover various modulation order and rank since NAICS performance gain depends on modulation order, rank, and INR of interference PDSCH. And high INR is suitable for discriminating NAICS receiver and baseline receiver.
Based on above observations, we propose Test1 ~Test4 for NAICS demodulation performance requirement in 3.4.
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6 Annex
Simulation is based on Table 6‑6.
1. Link level simulation results for TM2 with colliding CRS
Table 6‑1 SNR gain (dB) at 70%-tile throughput (vs. MMSE-IRC)
	TM mode
	INR
	Serving MCS
	Interf. MCS
	SNR gain

	TM2
	Medium 
INR
	5
	5
	2.71

	
	
	
	14
	1.24

	
	
	14
	5
	0.27

	
	High 
INR
	5
	5
	6.73

	
	
	
	14
	3.43

	
	
	14
	5
	2.54


2. Link level simulation results for mixed TM TM4-TM4 with non-colliding CRS
Table 6‑2 SNR gain (dB) at 70%-tile throughput (vs. MMSE-IRC)
	TM mode
	INR
	Serving MCS
	Interf. MCS
	SNR gain

	TM4-TM4
	Medium 
INR
	5
	5
	1.83

	
	
	
	14
	0

	
	
	14
	5
	0

	
	High 
INR
	5
	5
	3.68

	
	
	
	14
	1.31

	
	
	14
	5
	1.80


3. Link level simulation results for mixed TM TM4-TM9 with colliding CRS
Table 6‑3 SNR gain (dB) at 70%-tile throughput (vs. MMSE-IRC)
	TM mode
	INR
	Serving MCS
	Interf. MCS
	SNR gain

	TM4-TM9
	Medium 
INR
	5
	5
	2.41

	
	
	
	14
	1.40

	
	
	14
	5
	0.60

	
	High 
INR
	5
	5
	7.02

	
	
	
	14
	3.86

	
	
	14
	5
	2.70


4. Link level simulation results for mixed TM TM9-TM4 with colliding CRS
Table 6‑4 SNR gain (dB) at 70%-tile throughput (vs. MMSE-IRC)
	TM mode
	INR
	Serving MCS
	Interf. MCS
	SNR gain

	TM9-TM4
	Medium 
INR
	5
	5
	1.27

	
	
	
	14
	0

	
	
	14
	5
	0

	
	High 
INR
	5
	5
	4.16

	
	
	
	14
	0.55

	
	
	14
	5
	0.13


5. Link level simulation results for mixed TM TM4-TM2 with colliding CRS
Table 6‑5 SNR gain (dB) at 70%-tile throughput (vs. MMSE-IRC)
	TM mode
	INR
	Serving MCS
	Interf. MCS
	SNR gain

	TM4-TM2
	Medium 
INR
	5
	5
	2.64

	
	
	
	14
	1.21

	
	
	14
	5
	0.75

	
	High 
INR
	5
	5
	6.89

	
	
	
	14
	3.94

	
	
	14
	5
	5.49


Table 6‑6 Simulation assumption
	Parameter
	Unit
	Serving
	Interference 1
	Interference 2

	Channel model
	
	2X2 EPA5 Low

	BWChannel
	MHz
	10
	10
	10

	Cell Id
	
	0
	6
	1

	
	
	
	Colliding
	Non-Colliding

	Medium INR
	dB
	
	7.77
	2.29

	High INR
	
	
	13.91
	3.34

	MCS
	
	5
	5
	5

	
	
	5
	14
	14

	
	
	14
	5
	5

	RI
	
	1
	1
	1

	PDSCH allocation
	RB
	6
	6
	6

	CSI-RS configuration
	
	none

	 Number of control 
OFDM symbols
	
	2
	2
	2

	Interference pattern
	
	
	ON
	ON

	Simulation length
	
	20000 sub-frames


